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Metamorphosed oceanic and arc-related lithologies of the Slollicum, 
Cogburn and Settler packages crop out to the east of Harrison Lake, B.C., 
within the southern Coast Plutonic Complex and represent the northern 
extension of the Cascade orogenic belt. The Cretaceous Spuzzum plutons 
intruded the packages in late syn- to post-metamorphic time, and several 
early Tertiary stocks intruded all units after deformation.
The Slollicum package is dominated by graphitic to politic phyllite, 
and felsic to mafic arc volcanics intercalated with marble, conglomerate 
and quartzite. The sediments dominate western exposures, and eastern 
exposures are mainly volcanics. U-Pb analysis of zircon in a volcanic 
interbed gives a concordant 146 Ma depositional age for the Slollicum 
package. The Cogburn package is composed of structurally juxtaposed 
blocks of graphitic phyllite, mafic metavolcanics, banded chert and marble. 
Serpentinite is common. The Settler package is dominated by politic 
schist interlayered with quartzite, amphibolite and conglomerate.
Foliations generally strike northwest, dip northeast and are 
accompanied by down-dip stretching lineations. Kinematic indicators show 
orogen-normal reverse-slip. Cleavage in the Slollicum package exhibits a 
strong influence of pressure solution. Cogburn and Settler packages each 
show two foliations, one preserved in poikiloblastic minerals and a 
dominant crenulation cleavage. The Harrison Lake shear zone is a late 
stage, right-lateral strike-slip shear zone that locally prints across the 
earlier fabrics after Spuzzum plutonism and prior to the intrusion of the 
early Tertiary stocks.
Metamorphic grade increases eastward from the chlorite and biotite 
zones of the greenschist facies in the Slollicum package to the garnet 
zone of the greenschist facies and the oligoclase/hornblende zone of the 
amphibolite facies in the Cogburn package through the staurolite zone to 
the sillimanite zone of the amphibolite facies in the Settler package.
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Geothermobarometry indicates pressures of 3 to 4.5 kb in the biotite zone 
and 5.5 kb in the sillimanite zone. Temperatures in the sillimanite zone 
range up to approximately 750 ° C. A poly-metamorphic history is 
indicated by pseudomorphs of kyanite after andalusite in the Settler 
package.
Lineation-parallel slip on foliation planes, evidenced by augen- 
shaped and boudinaged metamorphic minerals Indicates syn- to post- 
metamorphic deformation. Fabric relations indicate that this deformation 
primarily occurred prior to the intrusion of the Spuzzum plutons.
Early low-pressure metamorphism is interpreted to have been 
followed by higher grade, amphibolite facies metamorphism prior to and 
during deformation followed by the intrusion of the Spuzzum plutons 
coeval with peak metamorphism.
Vi
ACKNOWLEDGEMENTS
The completion of this project was aided by several people. 
Structural analysis would have been impossible without the help of Dr.
J.L. Talbot; metamorphic interpretations and mineral analyses were made
possible by Dr. E.H. Brown and his long hours slaving over a hot
microprobe at UTA and UW are greatly appreciated. Dr. R.F. Burmester
reviewed the manuscript and offered fantastic suggestions as well as
gentle nudges toward stronger conclusions. Myrl Beck helped with
proposals for funding. A.M. Buddington helped with the mineralogy and
fabrics in the igneous rocks. G. Mustoe provided technical instruction on
lab procedures ranging from crushing rocks to polishing thin sections. R.
Schmidt spent long hours in the dungeon making big rocks into very tiny
rocks and separating out the heavy minerals. Dr. N. Walker separated the
zircon fractions and handled the geochronology. Dr. P. Hooper conducted
the geochemical analyses. Field assistance was provided by B.E. Dougan
and my co-investigator M.A. Hettinga. I wish to thank J.W.H. Monger for
his Initial insights into the project and for the field trip to the study
area. J.M. Joumeay offered valuable insights in the field.
Funding for this study was provided by the British Columbia 
Ministry of Mines, Energy and Petroleum Resources, Dr. E.H. Brown through 
his NSF grant. Sigma Xi the Scientific Research Society through a Grant- 
in-Aid of Research, and through a research grant from the graduate 
school at Western Washington University. Thank you, one and all.
Access to much of the area was made possible by Prettys' Timber 
Co. Ltd. - Bear Creek Division through their building of logging roads and 
their allowing me to have a key to unlock the gates that blocked them.
Although academic and financial assistance are what makes a 
project go, the contributions of my friends, new and old, to my mental and 
emotional well-being are the real driving force behind the actual 
completion of this project. In the field, having a co-investigator like my 
great friend Mike Hettinga made the stays at Harrison Lake, the traverses 
up and down mountains, and crashes through the jungle-like brush 
bearable and sometimes enjoyable. Whether it was crawling through the 
man-hole on the way up to The Old Settler or scaling the cliff out of 
Ruby Creek (or was it Garnet Creek, I still cannot remember which is 
which) we always found ourselves laughing, sometimes shouting, in the
VI 1
face of adversity. For a couple of desert dwellers we did just fine.
The sight of Bernie Dougan eating Frito's-flavored tofu burritos for 
breakfast will definitely be a lasting image. The day that we climbed Mt. 
McNair (well, most of it) was one of the highlights of the field season; 
thanks, Bern.
Field visits from Murray Journeay were always a highlight, it was 
nice to work with him and Susie Gareau, and the night that he and Laszlo 
Csontos shared a delicious curried chicken with us in the pouring rain 
was fantastic.
Jim Talbot was fun and a great help in the field although he keeps 
strange hours; in bed with the chickens, up with the sun, back in camp 
by tea-time. Without Jim's organizational skills and timetables I never 
would have finished on time. His cheerful greetings and enthusiasm for 
the project made me feel like I was making progress even when it was not 
in the right direction. I could not have asked for an advisor better 
suited to me.
My fellow graduate students and office-mates provided moral 
support and sounding boards for new ideas. Thanks to Ben Farrell, Andy 
Buddington, Monica Gowan, Czesia Smith, Terri Flake, Lloyd Stevens, Tom 
DeBoer, Jerry Eide, Paul Riley, Joe Dragovich, Harriet Beale, Paul Grabau, 
Bill Watts, Peter Armato, Kevin Kelley, Harold Cashman, Sue Kahle, Alice 
Shilhanek, Galan Mclnelly, Gary Hurban, Jennie De Chant, Mark Sandal, 
and Chris Stearns for concern and interest towards my project.
My family provided as much support and assistance as they could 
from 1200 miles away, but knowing that someone is always in your corner 
makes the fight that much easier. Not to mention the boost that 
occasional cookies, cakes, salsa and, of course, money always gives.
Technical support and idle chatter were great from Patty Combs and 
Vicki Critchlow whenever I had to pass through the Geoiogy office, which 
some days seemed like a second home. Patty's help with forms and other 
such bureaucratic scariness definitely made life at Western simpler.
Last and, of course, everything but least I'd like to thank my 
sweetheart Gwen Graybeal for sticking patiently by me through this mess, 
for acting interested when I babbled about things that she did not 
understand nor really care to, and for letting me know before a severe 















Protolith and Tectonic Setting..................16
Cogburn Package...................................... 18
Contact Relations............................... 19
Protolith and Tectonic Setting..................19
Settler Package...................................... 20
Contact Relations............................... 22
Protolith and Tectonic Setting..................24
Ultramafic Belts..................................... 24
Protolith and Tectonic Setting..................24
Baird Metadiorite.................................... 24




















































I Thin Section Mineralogy for Collection 162..........78
II Geochemical Data for Slollicum Volcanics..........81
III Microprobe Data.................................. 82
Ilia Low Grade Amphibolite Pressures................ 86
IV Geochronologic Data............................... 87
List of Figures
Figure II: Tectonic Elements of the Northwest............. 2
Figure Rl: a) Tectonic Belts of the Canadian Cordillera.... 6
b) Terranes of the Canadian Cordillera......... 6
Figure R2: Geologic Map of the Harrison Lake Area......... 8
Figure LI: Geologic Map of the Study Area................ 12
Figure L2: Geochemical Plots for the Slollicum Volcanics..15
Figure L3: Minerals in Spuzzum Contact Aureole........... 17
Figure L4: Andalusite in Contact with Late Plutons....... 17
Figure L5: Pseudomorph After Andalusite.................. 21
Figure L6: Spuzzum-Settler Contact....................... 23
Figure SI: Compositional Fold in Slollicum............... 30
Figure S2: Late Fold In Slollicum........................ 32
Figure S3: Boudinage In Slollicum........................ 32
Figure S4: Foliation Plots for the Study Area............ 33
Figure S5: Cleavage in Western Slollicum................. 34
Figure S6: Pressure Shadows Around Slollicum Clasts...... 34
Figure S7: Foliation in Eastern Slollicum................ 35
Figure S8: Lineation Plots for the Study Area............ 37
Figure S9: Broken Porphyroclast in Slollicum............. 38
Figure SIO: Kinematic Indicators in the Study Area....... 39
Figure Sll: Flinn Plot....................................40
Figure S12: Extended Porphyroclast in Slollicum.......... 41
Figure S13: Ptygmatic Vein in Slollicum............ ......41
Figure S14: Block Diagram of Structural Elements......... 43
X i i
Figure S15: Early Biotite in Cogburn..................... 43
Figure S16; Stretched Biotite in Cogburn................. 45
Figure S17: Garnet with Previous Fabric in Settler....... 45
Figure S18: Staurolites with Fabrics in Settler.......... 48
Figure Ml: Phase Relations in Pelitic Rocks.............. 54
Figure M2: Mineral Isograds in Study Area................ 55
Figure M3: Geothermobarometry Location Map............... 58
Figure M4: A) Garnet Zoning Profile...................... 60
B) P-T-t Path From Garnet Profile............. 60
C) Location of Analyzed Points in Garnet...... 60
Figure M5: Petrogenetic Grid..............................61
Figure Dl: Foliation Development......................... 65
Figure D2: Orogenic Development vs. Time.................. 68
Figure D3: Schematic P-T-t Path for the Study Area......... 71
List of Tables
Table Ml: Characteristic Minerals in Metamorphic Zones....54
INTRODUCTION
The west coast of North American plate has been riding over and 
subducting oceanic crust for approximately the past 376 Ma (Levin, 1983) 
and has been, because of this geometry, the locus for crustal shortening, 
terrane accretion and plutonic activity (Coney, 1989). The collislonal 
zone that was active during the Cretaceous forms the western Cordillera 
of North America, which extends from Alaska to southern Mexico.
The portion of this Cretaceous orogenic belt in southern British 
Columbia is the Coast Plutonic Complex (Armstrong, 1988) and in 
Washington state is the North Cascade Range. If mid-Tertiary offset 
along the Straight Creek fault is restored, the Coast Plutonic Complex and 
the crystalline core of Cascades form a single orogenic belt (Fig. II).
Of particular importance to the study of orogenic precesses in this 
belt is the high grade crystalline core of the Cascades where evidence of 
kinematics and metamorphic conditions during orogeny can be observed.
The crystalline core extends northward into the Coast Plutonic Complex as 
Isolated packages of weakly to strongly metamorphosed rocks, one of which 
is exposed to the east of Harrison Lake (Fig.Il). (Harrison Lake is 
located approximately 110 km east of Vancouver, British Columbia, and 40 
km north of the Canada/United States boundary, near the small resort 
town of Harrison Hot Springs.)
In the Harrison Lake area, the transition from low to high grade 
metamorphic rocks can be seen in situ, in contrast with the North 
Cascades where truncation by the Straight Creek fault has removed the 
lower grade portion (Fig. II). Also present here are local terrane 
boundaries, syn- and post-tectonic plutons and an important, orogen-
parallel, shear zone. These relationships make the Harrison Lake area a
/
prime region to study in order to clarify the relationship between the 
major tectonic elements with respect to their kinematics, chronology and 
metamorphic conditions and to provide geologic constraints on models of 
orogeny.
The broader relationships of Cretaceous Cascadian orogeny are 
imperfectly understood. Some of the uncertainty is due to offset along 
the Straight Creek fault system which in Washington state, has obscured 
the relationships between major rock units by juxtaposing the high-grade.
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Figure II: Simplified map of the major structural and lithologic elements
in the northwestern U.S. and southwesteren British Columbia. Box shows 
study area. Adapted from Misch (1966), Tipper and others (1981), Brown 
and Talbot (in press). MT and HZ show terranes in B.C. correlative with 
the Methow Trough and Hozameen, respectively. These and the Coast 
Plutonic Complex and the Crystalline Core would be aligned by restoring 
approximately 175 km dextral slip on the Straight Creek fault.
0C=01ympic Core, CR=Crescent Terrane, CG=Chilliwack Group, SMS=Shuksan 
Metamorphic Suite, HLSZ=Harrison Lake Shear Zone.
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migmatitic rocks of the Cascade core against low-grade Shuksan 
greenschist (Misch, 1966)(Fig. II).
Two end-member models have been argued for terrane movement 
during the orogeny. One model calls for orogen-normal subduction and 
terrane amalgamation that produced a collisional welt, assigning a minor 
role to later northwest and north directed strike-slip motion (Monger and 
others, 1982; Brandon and Cowan, 1985; Monger, 1986); whereas another 
invokes an early, orogen-normal phase of terrane assembly followed by 
major oblique, northwest-directed transpressional shearing in which a 
large component of crustal translation is achieved (Brown, 1987; Brown 
and Talbot, in press).
One consequence of the various models is that proponents of an 
eastward collision as the main deformational event map the Shuksan 
thrust, which emplaces the Shuksan Metamorphic Suite over the Chilliwack 
Group in Washington state (Misch, 1966), as a northwest trending, east 
dipping feature that continues northward into Canada (Lowes, 1972;
Brandon and Cowan, 1985; Monger, 1986, 1989; Journeay, 1989). Others 
view the Shuksan thrust, and the Northwest Cascades System, as a 
northwesterly moving deformational zone that modifies, rather than is 
caused by, the assembly of the terranes (Brown, pers. comm., 1989). Thus 
the thrust packages in southern British Columbia and the Shuksan thrust 
would be structurally unrelated.
Monger (1986) speculated that the closure of an oceanic or marginal 
basin by the accretion of Wrangellia in the early Cretaceous produced 
crustal thickening and plutonism along a collisional welt. Armstrong 
(1988) suggested that the 130 Ma Gambler volcanic overlap sequence 
showed that Wrangellia was already in place in the early Cretaceous and 
that plutonism in the Coast Plutonic Complex was arc-related.
This study addresses the conflicting orogenic models through a 
detailed structural and metamorphic study of a critical area to the east of 
Harrison Lake. In this area, orogen-normal contraction and crustal 
thickening followed by orogen-parallel, right-lateral shear record the 
structural elements of both of the contrasting models. In particular, the 
sequence of fabric formation is examined and used to determine the 
kinematics; and the relationships of the metamorphic minerals, the 
structural fabrics and the geometry of the plutonic rocks are examined to
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deduce the timing of the elements of orogeny.
An area was selected in which previous mapping had been completed 
(Fig. II). Lithologic contacts adapted from Lowes (1972), Bartholomew 
(1979), Gabites (1986) and Monger (1989b) were plotted on a base map at 
the scale of two inches to the kilometer. Additional mapping was 
undertaken in order to link the previous studies and to collect samples 
for petrofabric, mineralogic, kinematic, chemical and chronologic analysis.
Field work was done during the summer and fall of 1988 from a 
base camp on the Cascade Penninsula, Harrison Lake, and several field 
camps as needed. Access to much of the area was provided by logging 
roads which date from the turn of the century to the present.
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REGIONAL GEOLOGY
Much of the west coast of North America and, specifically, the 
Canadian Cordillera is composed of allochthonous terranes (Coney and 
others, 1980). The terranes of the Canadian Cordillera and the plutonic 
suites that stitch them together delineate five belts with a tectonic fabric 
which parallels the continental margin. From east to west these are the 
Rocky Mountain belt, Omineca Crystalline belt, Intermontane belt. Coast 
Plutonic Complex and the Insular belt (Fig. Rla)(Monger and others, 1982). 
The Omineca Crystalline belt (OCB) and the Coast Plutonic Complex (CPC) 
have been Interpreted as collision/suture zones between the Rocky 
Mountain, Intermontane and Insular belts respectively (Monger and others, 
1982). Two large composite terranes, or Superterranes (Monger and others, 
1982), which are assumed to have been assembled prior to accretion to 
North America, make up portions of these belts. The Intermontane belt is 
composed of Superterrane I, the Bridge River terrane and Cascadia. The 
Insular belt is Superterrane II (Fig. Rla).
Monger and others (1982) proposed that Superterrane I, composed of 
the Eastern, Quesnel, Cache Creek and Stiklne terranes (Fig. Rib) was 
amalgamated by latest Triassic-earliest Jurassic time prior to accretion to 
North America in the Jurassic. The Bridge River terrane collided with 
this newly formed edge of North America in the early Cretaceous followed 
by Cascadia in mid-Cretaceous time. In the late Cretaceous, Superterrane 
II, containing the Gravlna-Nutzotin, Alexander and Wrangell terranes (Fig. 
Rib) collided with North America (Monger and others, 1982). As the 
Superterranes collided with North America, and with each other, large 
deformational welts were produced by crustal thickening in which regional 
metamorphism is estimated to have reached grades consistent with more 
than 7kb pressure. The collision zone was heavily intruded by granitic 
plutons as collision-induced regional metamorphism was waning. The 
suture zone between Superterrane I and the North American craton is the 
OCB and that between Superterranes I and II is the CPC.
An alternative hypothesis places the present configuration of 
terranes in place by the early Cretaceous In order to be overlapped by 
the 130 Ma Gambler volcanics (Armstrong, 1988; Van der Heyden, 1989).
In this scenario the CPC is formed as a magmatic arc above an east-
6
Figure Rl: a) The five major
tectonic belts of the Canadian 
Cordillera, b) Major terranes of the 
Canadian Cordillera. 0C=01ympic 
Core, CR=Crescent, PR=Pacific Rim. 
Adapted from Monger and others 
(1982), Irving and others (1985), 
Coney (1989).
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dipping subduction zone. Armstrong (1988) citedSr/®®Sr ratios of 0.703 
to 0.704, characteristic values for magmas erupted in volcanic arcs and 
seamounts, in support of his theory for the origin of the CPC.
Paleomagnetic evidence shows that remanent magnetic vectors have 
inclinations that are too shallow for current latitudes and declinations 
which are rotated clockwise with respect to the expected mid-Cretaceous 
pole position. Irving and others (1985) proposed that during the mid 
Cretaceous, the southern Coast Plutonic Complex, the Cascades, Vancouver 
Island and probably also the Quesnel block and Stikinia were together at 
a latitude similar to that of present-day northern Mexico. Between the 
mid Cretaceous and mid Tertiary these blocks were translated northward 
about 2400 km and rotated clockwise about 40 to 70 degrees into 
approximately their current positions.
Alternatively, Butler (1989) suggested that the Coast Plutonic 
Complex was formed in situ and the discordant paleomagnetic poles are 
the result of regional tilt. He holds that approximately 30° of 
northeast-side-up tilt about a horizontal axis which roughly parallels the 
trend of the continental margin would produce the observed pole positions. 
In one model he proposed, the tilting of the plutonic bodies is 
accomplished during isostatic uplift of the orogen.
The study area lies in the southeastern portion of the CPC (Fig. 
Rib); the metamorphic rocks there have been correlated with western 
portions of the Cascade fold belt exposed to the south in Washington 
(Monger, 1986). The Cascade fold belt is a composite terrane consisting 
of crystaiiine and politic gneiss which is partialiy of pre-Cambrian age, 
sediments and intercalated volcanics that are Paleozoic and Mesozoic in 
age, disrupted greenschist, biueschist and phyllite (Misch, 1966).
In the region to the east of Harrison Lake, British Columbia, and 
including the study area. Monger (1986) has defined metamorphic 
"packages" which are, from west to east and in order of increasing 
metamorphism, the Harrison Lake, Slollicum, Cogburn and Settler packages 
(Fig. R2).
The Harrison Lake package consists of a stratigraphic succession of 
Middle Triassic to Lower Cretaceous sedimentary and volcanic rocks; the 
Siollicum package, of unknown age, is composed of basic to intermediate 
and locally felsic flows and volcaniclastics; the Cogburn, also of unknown
8
Figure R2: Map of the Harrison Lake region showing major lithologic and
structural features. Note study area. (Talbot, 1989).
9
age, contains bedded chert, argillite, basic volcanics, ultramafic rocks and 
minor marble; the Settler package, probably of Triassic to Jurassic age, is 
dominantly politic and quartzofeldspathic schist, amphibolite with minor 
quartzite and ultramafic rocks (Monger, 1986).
Locally, cropping out in two major domes, a unit named the 
Breakenridge Gneiss is present and structurally underlies the Settler 
package (Fig. R2). The Breakenridge Gneiss is composed of fine-grained 
gray gneiss, migmatite and amphibolite (Monger, 1986). The intrusion of 
the protolith of this unit was dated by Gabites (1985); Pb isotopic 
analysis yielded points that lie near concordia at 105 +/- 5 Ma. The 
Breakenridge Gneiss contains a shallow, northwest trending lineation 
(Talbot, 1989),
The study area contains three of the local terranes or "packages", 
the Slollicum, Cogburn and Settler, which are entirely fault bounded (Fig. 
R2). The packages display an eastward-increasing metamorphic gradient 
that ranges from lower greenschist facies in the Slollicum to upper 
amphibolite facies in the Settler. This gradient has been documented as a 
15 to 20 km depth differential over 20 to 30 km laterally (Bartholomew, 
1979).
The structural grain trends northwesterly, dips to the northeast and 
is, in places, accompanied by a northeast-plunging lineation which 
indicates that transport during this phase of orogeny was roughly orogen- 
normal. A wide shear zone that occurs along the eastern shore of 
Harrison Lake will be referred to as the Harrison Lake shear zone 
(HLSZ)(Fig. R2). The lake itself approximates the trend of this large 
structure which was originally mapped as an east-dipping thrust fault 
(Crickmay, 1930).
The metamorphic isograds also roughly parallel the Harrison Lake 
shear zone making relative dating of the regional metamorphism and the 
shearing unclear. Monger (1986) suggested that the Slollicum, Cogburn 
and Settler packages are broadly coeval and separated by faults. He also 
concluded that these faults are probably coeval with regional 
metamorphism and intrusion of the Spuzzum Plutons in late-Early to mid- 
Cretaceous time.
The metamorphic packages are proposed to be correlative with 
undeformed units found along strike and elsewhere in the orogen including
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across the Straight Creek fault. The Slollicum package has been 
correlated with the upper Paleozoic Chilliwack Group (Lowes, 1972) and 
the Upper Triassic Cadwallader Group by Monger (1986, 1989a), and with 
the Fire Lake member of the Nooksack Group by Journeay (1989). The 
Cogburn package has been related to the Elbow Lake, Hozameen, Bridge 
River and Cache Creek units by Monger (1989a); the Mad River terrane by 
McGroder (1989); and the Twisp Valley schist by Miller (1989). The 
Settler package has been correlated with the Shuksan Metamorphic Suite, 
specifically the Carrington Phyllite by Monger (1989a) based on 
accretionary-complex-style structures that he sees in both units. He also 
correlated the Settler with the Triassic to Jurassic rocks of the Methow 
Trough (Spider Peak, Ladner Groups). Magloughlin (1989) correlated the 
Settler package with the Chiwaukum Schist of the Nason terrane.
Intruding the metamorphic packages are the Spuzzum plutons to the 
east, the Chilliwack bathoiith to the south and several small stocks 
throughout the area (Fig. R2). The Spuzzum plutons are coarse grained 
hornblende quartz diorite which exhibit lineations at the outcrop scale 
and microscopic strain signatures such as dentate grain boundaries, 
undulatory extinction in quartz, and bent biotite flakes. Bartholomew 
(1979) interpreted these textures as being indicative of syn- to post­
crystallization deformation, whereas Richards and McTaggart (1976) 
interpreted these features as igneous in origin and unreiated to 
metamorphism. Uranium-lead analyses of zircons have yielded discordant 
ages that are interpreted to be in the range of 95-110 Ma for the 
Spuzzum (Bartholomew, 1979; Gabites, 1985). The Chilliwack bathoiith 
and the small stocks are medium to coarse grained hornblende quartz 
diorite of early Tertiary age (Monger, 1989b). These bodies are 
undeformed and thereby provide a younger limit to deformation.
The Harrison Lake Shear Zone is probably the westernmost of a 
suite of dextrai strike-slip faults (Fig. II). The other major faults, from 
west to east, are the Ross Lake, Hozameen, Yalakom and Pasayten faults 
(Monger, 1986), There is however, some indication that slip on the 




The Slolllcum, Cogburn and Settler packages are present in the 
study area and are separated by faults and ultramaflc bodies. The Baird 
meta-diorlte crops out as a northwest trending belt which appears to be 
included in the Cogburn package. The eastern margin of the map area is 
almost entirely made up of the Spuzzum pluton (Fig. LI). A number of 
small Tertiary stocks intrude all units.
Slolllcum Package
The rocks of the Slolllcum package crop out on the eastern shore of 
Harrison Lake (Fig. LI). The Slolllcum package was divided into 
sedimentary and volcanic units by Lowes (1972). As both units contain 
sedimentary and volcanic components, a well defined contact between the 
two cannot be mapped. This package has been intruded by aplite dikes 
prior to metamorphism and by basalt dikes after metamorphism.
U-Pb Age
U-Pb analysis of four zircon fractions from a dacitic, possibly
pyroclastic, volcanic from the Slolllcum package (162-37) was carried out 
by Nick Walker at the University of Texas at Austin. A concordant age 
of 146 Ma was indicated and is interpreted as the age of deposition. This 
age points toward correlation of the Slolllcum package with the Nooksack 
Group as Journeay (1989) suggested rather than with the Chilliwack as 
has been previously suggested (Lowes, 1972; Monger, 1986, 1989).
Sedimentary Component
The sedimentary component consists of predominant phyllite and 
lesser psammitic phyllite, marble, quartzite and meta-conglomerate. The 
phyllite weathers orange-brown to gray and is blue-gray on fresh 
surfaces. Outcrops are sparse due to glacial till and vegetative cover, 
except for a few ridge and peak exposures and logging road cuts. The 
predominant rock type is blue-gray, pyrite-bearing graphitic phyllite 

















































































































lineations defined by elongate grains and minerals. In several localities 
these phyllites exhibit pronounced kink banding.
In thin section, the phyllites generally exhibit mineralogic 
segregation into quartz-feldspar (Q-F) domains and a graphitic component 
which occurs in thin, cleavage parallel, laminae (C-G domain). Quartz and 
aibite, the predominant phases, are present in subequal proportions. They 
occur as fine, 0.05 to 0.5 mm, xenoblastic grains which are elongate 
parallel to foliation. Pyrite, muscovite and biotite are present as local 
accessories with the phyllosilicates oriented sub-parallel to cleavage.
Most specimens contain a notable amount of chlorite and granular epidote.
Coarser grained psammites characteristically contain 40 to 60 
percent relict quartz and twinned aibite grains which approach 1.0 mm in 
diameter in the Q-F domains and are draped by the laminae of the C-G 
domain. Aibite is generally predominant over quartz but in some samples 
they are sub-equal. Quartz is monocrystalline in the western exposures 
and is present as augen-shaped polygonal aggregates in the east.
Feldspar is recrystallized throughout the package into much smaller 
polygonal grains, the extinction pattern of which mirrors twinning in the 
original grain.
The marbles, which occur in 30 to 150 cm layers and make up 
approximately one percent of the unit, are blue-gray to white in hand 
sample and have a foliation defined by muscovite rich lenses and dark 
impurities. No fossils have been observed either in hand sample or thin 
section. Xenoblasts of calclte are equant in shape and approximately 0.5 
mm in diameter. Some specimens contain up to thirty percent quartz, 
present as 0.2 to 0.3 mm grains in poorly defined layers, and small 
amounts of disseminated muscovite.
The quartzites crop out as 40 to 120 cm thick, gray to white 
interbeds within the metasediments. They are composed mainly of equant 
0.05 to 0.5 mm xenoblastic quartz grains with 0.3 mm muscovite defining 
the foliation, and rare 0.5 to 1.0 mm subldioblastic spessartine.
Conglomerates are sparse in the map area. Where present they crop 
out as medium gray, blocky exposures that contain deformed clasts up to 
30 cm in length. These lithologies are well lineated and strained 
elements characteristically exhibit a cigar-shape, the long dimension of 
which defines the lineation. The original conglomerate was matrix
supported, polymictic in composition and contained 30 to 70 percent 




Volcanic flows and probable igneous clastic rocks are intercalated 
throughout the Sloliicum package but dominate the eastern exposures in 
what Lowes (1972) defined as the volcanic unit. This unit is, for the 
most part, buried under a thick blanket of glacial till but is exposed in 
creek beds and along road cuts. The volcanics weather to a weakly 
resistant, brown-gray outcrop and are gray-green on fresh surfaces.
Rocks that are more felsic crop out as tan to gray exposures. Where well 
exposed, intermediate metavolcanic flows that are approximately one to 
forty meters thick are interlayered with graphitic phyllites, minor felsic 
raetavoicanics (probably meta-tuffs) and rare marble. Typically the 
metavolcanics are massive to moderately foliated with some visible 
actinolite in more mafic examples and visible albite in more felsic ones. 
Some specimens are vesicular and the individual vesicles are flattened, 
and elongate parallel to the lineation direction. To the south, Hettinga 
(1989) described interlayered agglomerates in this unit which are absent 
in this area.
Thin section analysis suggests that the volcanic rocks range from 
felsic to intermediate to mafic. The felsic volcanics are composed of 10 
to 20 percent twinned albite porphyroclasts in a fine-grained matrix of 
albite and quartz with minor muscovite and amphibole. Chlorite and 
epidote are common as alteration products. The porphyroclasts exhibit 
strongly developed pressure shadows that are occupied by fibrous quartz 
and bounded by wispy, anastomosing laminae of muscovite and chlorite. 
The intermediate volcanics are commonly blasto-porphyritic and are 
primarily composed of felted, 0.36 to 0.5 mm actinolite with 1.0 mm 
twinned albite. Minor amounts of iron-rich chlorite and epidote are also 
present. The mafic volcanics are similar but have greater proportions of 
actinolite with respect to albite.
Geochemical analyses using X-Ray Fluorescence were carried out by 
Peter Hooper at Washington State University on six samples of the 




Figure L2: Discrimination diagrams showing geochemical analyses for
metavolcanic rocks from the Slollicum package. A) Irvine and Baragar 
(1971), B) Pearce and Cann (1973), OFB=Ocean Floor Basalt, IAB=Island 
Arc Basalt, CAB=Calc-Alkaline Basalt; C) Pearce and Cann Q973), 
A+B=Island Arc Basalt, B=Ocean Floor Basalt, B+C=Calc-Alkaline Basalt, 
D=Within Plate Basalt,
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of compositions and for their freshness. The analysis confirms that the 
composition of the volcanic component ranges from rhyolite to basalt (see 
appendix II). These rocks represent calc-alkaline and tholeitic ocean 
floor basalts and arc related andesites and rhyolites (Fig. L2).
Amphibole in the western exposures is actinolite and that in the 
eastern exposures, probably in the Spuzzum pluton's contact aureole, is 
magnesio- and ferro-hornblende (Leake, 1978). These and other mineral 
compositions will be discussed more fully in the chapter on metamorphism.
Contact Relations
The Slollicum package is bounded to the southwest by the Harrison 
Lake formation, to the northeast by the Talc Creek ultramafic body and to 
the southeast is intruded by the Spuzzum pluton (Fig. LI). The contact 
of the Slollicum package with the Harrison Lake formation is seen only in 
the extreme southwest of the map area but to the south, Hettinga (1989) 
drew the boundary near the eastern margin of the Harrison Lake shear 
zone. The contact of the Slollicum package with the Talc creek ultramafic 
body is considered to be a fault. The contact of the Slollicum volcanic 
unit with the Spuzzum pluton is marked by a contact metamorphic aureole 
where the regional greenschist facies of the Slollicum is upgraded to 
garnet + oiigoclase + staurolite in metasedimentary interbeds (Fig. L3) 
and garnet + hornblende in metavolcanics. The contact aureole around 
the Spuzzum pluton formed prior to the end of the major regional 
metamorphism (for further discussion of the timing relations of Spuzzum 
intrusion see the chapter on structure). Contact aureoles around the 
various small stocks in the area are characterized by an andalusite + 
biotite addition to the characteristic assemblage (Fig. L4).
Protolith and Tectonic Setting
The carbonaceous and politic nature of the Slollicum phyilites 
suggest that they were derived from carbonaceous shales and siltstones. 
The protoliths of the medium to coarse grained metasediments were lithic 
sandstone and conglomerate. The diversity of clasts in the conglomerates. 
Including sedimentary as well as volcanic clasts, suggests a clastic rather 
than pyroclastic source. The marbles were impure limestones. The 
volcanics probably represent mafic and intermediate sheet flows which
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Figure L3: Line drawing of sample 162-196 showing biotite, garnet and
staurolite in the raetasediraentary component of the Slollicum package in 
the contact aureole of the Spuzzum pluton. Staurolite shows reaction 
halo. Garnet rims show late growth with inclusions. Large, late stage, 
biotite porphyroblasts grow across fabric.
Figure L4: Microfische copy of thin section 162-26 showing
porphyroblasts of andalusite in the metasedimentary component of the 
Slollicum package in the contact aureole of an early Tertiary stock. View 
is 1.5 mm across.
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were interlayered with volcanic ejecta to the south (Hettlnga, 1989).
This suite of lithologies could represent deposits around an 
emergent island arc or seamount system. The clastic sedimentary rocks 
require that this system was subaerially exposed at times.
Cogburn Package
The Cogburn package, in the study area, is present as a northwest 
trending belt located to the northeast of Talc Creek (Fig. LI). Gabites 
(1985) recognized gray pelite, chlorite-actinollte greenschist and ^
metamorphosed ribbon chert. These lithologies were also observed in this 
study: however, chert is not as predominant in this area as it is in 
others. The package is composed of coherent blocks of phyllite, 
greenschist and chert that are separated by zones of sheared serpentlnite.
The spatial association of the various lithologies is structurally complex, 
suggesting that the Cogburn package is disrupted and may represent a 
melange. Rocks of the Cogburn package are best exposed along logging 
roads and most outcrops are relatively fresh but have iron oxide 
alteration along Joint and foliation planes.
The predominant rock type in the Cogburn package is a graphitic to 
quartzofeldspathic phyllite, which is interlayered with metavolcanics, 
metachert and marble in variable proportions throughout. Rocks of the 
Cogburn package closely resemble those of the Slollicum package, except 
for having slightly higher metamorphlc grade and greater chert content.
The phyllltes crop out as brown to black, well-cleaved exposures 
and are medium gray to black on fresh surfaces. Porphyroblasts of garnet 
and ilmenite are present in hand sample.
The metavolcanics are green to gray-green massive and well- 
cleaved. Where exposed in the western portion of the area, layers in the 
metavoicanics are three to five meters thick. Radial aggregates of 
tourmaline are common along foliation.
The metacherts are present as 3 to 200 mm thick, boudinaged 
quartzite strata, interlayered with thin laminae of blue-gray phyllite and 
locally with green-gray metavolcanics and gray-white marble.
The graphitic phyllites consist of a fine grained groundmass of 
elongate quartz and albite and contain porphyroblasts of 0.8 to 1.5 mm 
ilmenite and, locally, 0.5 to 1.0 mm xeno- to idioblastic garnet, aligned
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muscovite and blotite and graphite. Lensoid polygonal quartz aggregates 
are interpreted to have been raonocrystalline quartz porphyroclasts. Some 
specimens contain large porphyroblastic biotite. The larger biotite 
porphyroblasts, garnet and ilmenite are wrapped by the foliation, and 
ilmenite is bent around garnet. Several of the older, dusty biotites 
include a previous fabric and have overgrowths of new, clear biotite.
The quartzo-feldspathic phyllites have 1 mm garnets wrapped in a 
fine grained, foliated groundmass composed of quartz, albite and 
muscovite. Some biotite is present as 0.2 to 0.6 mm tablets aligned in 
the foliation.
The metavolcanics are composed of 70 to 80 percent 0.5 to 1.0 mm 
acicular actlnolite, much of which lies in and is wrapped by the foliation. 
Many actinolites contain trails of dusty Inclusions that are at a high 
angle to the current fabric. The matrix is composed of 0.3 to 0.5 mm 
quartz and aiblte, chlorite and granular epidote. Locally, the 
metavolcanics are compositionally segregated into 0.5 to 4.0 mm thick 
actlnolite and quartzofeldspathic bands.
Contact Relations
The Cogburn package is entirely fault bounded and lies against the 
Settler package to the northeast and the Slollicum package to the 
southwest (Fig. LI). Both fault zones are marked by ultramafic bodies. 
The northeastern portion of the Cogburn package is made up of the Baird 
meta-diorite which seems to be present in small pods throughout much of 
the Cogburn package. The southwestern margin is the Talc Creek 
ultramafic body which is composed of serpentlnite and dunite. The 
affinity of the Talc Creek ultramafic body to the Cogburn package is 
unclear; however, the Cogburn greenschists are more strongly deformed 
near the contact suggesting motion along that interface.
Protolith and Tectonic Setting
The Cogburn phyllites, due to their appreciable content of quartz 
and graphite, probably represent metamorphosed carbonaceous shales. The 
presence of both chert and marble in the Cogburn package suggests 
variable environments of deposition. The mafic volcanics and inclusions 
of dunite in the Cogburn package suggest that it and the Talc creek
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ultramafic body might be related and together may be part of an ophiolite 
sequence. The deformation along the margin between them could be 
attributed to slip on the contact due to ductility contrasts. The 
disrupted nature of much of the Cogburn package indicates that it could 
be a melange.
Settler Package
The Settler package is present in the northeast portion of the study 
area and is moderately well exposed in Cogburn and Settler Creeks and 
their tributaries (Fig. LI). Pelitic and quartzo-feldspathic schists weather 
to a brown-gray with a purple tint on the outcrop scale and are medium 
gray on fresh surfaces. The predominant rock type is a well cleaved 
silver-gray fine-grained schist which locally contains porphyroblasts of 
biotite, garnet, kyanite, staurolite and sillimanite. A few exposures of 
amphibolite and one of metaconglomerate were observed. Thin, foliation- 
parallel mylonltic zones are present throughout the package but are more 
common in the east near the Spuzzum pluton.
Seen in thin section, the rocks of the Settler package are 
compositionally banded in 0.1 to 4.0 mm thick laminae that alternate 
between quartz-feldspar +/- mica (Q-M domains) and mica-rich laminae 
(M domains). The Q-M domains are predominantly xenoblastic quartz and 
feldspar, which are normally 0.1 to 0.3 mm thick but commonly range up 
to 0.7 mm wide. Coarse quartz exhibits undulose extinction while in 
mylonitlc zones it is ribbon-shaped and has been recrystallized into finer 
grained polygonal aggregates. Biotite is the main phase present in the M 
domains and occurs as 0.7 mm wide plates. The laminae are commonly 
crenulated and folded. Where folded, the biotite in the M domains has 
recrystallized into kinked porphyroblasts but some strain remains. The 
majority of garnets are sub-idloblastic and range from 0.7 to 1.0 mm in 
diameter. In several samples the garnets have an internal fabric which is 
oriented at a consistently high angle to the current fabric, indicating 
either crystallization across an earlier foliation or rotation of 
poikiloblastic garnets by foliation parallel shearing. Smaller garnets are 
0.3 to 0.6 mm in diameter, idioblastic and do not include an internal
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Figure L5: Microfische copy of thin section 162-192 showing diamond
shaped pseudomorph after andalusite. Current minerology is Kyanite, 
Staurolite, Biotite, Muscovite and Quartz. View is 3.5 mm across.
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fabric. The main foliation wraps around the garnets with well defined 
and, rarely, asymmetric pressure shadows. Staurolite grains are idioblastic 
and range from 2.0 to 10.0 mm. Some staurolites have clear cores and 
rims but at an intermediate stage have overgrown a foliation and garnets. 
Although some staurolites grow over the foliation and the crenulations 
that fold it, others are deformed by the crenulations. Diamond shaped 
aggregates of kyanite + staurolite + muscovite + biotite + quartz are 
presumed to be pseudomorphs after andalusite porphyroblasts which 
measured 1.0 to 2.0 mm across (Fig. L5). Aligned biotites, tracing out 
foliation, wrap around the andalusite outlines but the minerals that 
replace the andalusite and biotite show no preferred orientation. 
Porphyroblasts of slllimanite occurs as mats of fibrolite and as coarser, 
idioblastic crystals up to 4.0 cm across. In the northern exposures some 
garnets are replaced by biotite while in the east and south some garnets 
and staurolites are replaced by chlorite. Near the southern contact, 
hornblende, in 1.0 to 3.0 mm grains, grows across the foliation.
The amphibolite is predominantly composed of hornblende 
porphyroblasts that are 1.0 to 7.0 mm long and lie in the foliation. 
Plagioclase and quartz are concentrated in 3.0 to 4.0 mm thick laminae.
The conglomerate consists of stretched, rounded clasts that have 
been recrystallized to resemble schist and orthogneiss. Many of the clasts 
and portions of the matrix contain 1.0 to 2.0 mm garnets.
For discussion of specific mineral assemblages and isograd relations 
see the chapter on metamorphic conditions.
Contact Relations
To the southwest, the Settler package is separated from the Baird 
meta-diorite, the northernmost portion of the Cogburn package, by an 
ultramafic body which presumably occupies a fault. The remaining 
contacts, in the study area, are between the Settler package and igneous 
bodies (Fig. LI). The Spuzzum plutons are intrusive into the Settler 
package. The Spuzzum plutons cross-cut the regional map patterns 
including the package bounding thrusts (Fig. LI). Exposures of the 
intrusive contact are rare, but in one outcrop the Spuzzum pluton can be 
seen to intrude across and into the dominant foliation in the Settler 
package (Fig. L6). This indicates that this phase of the Spuzzum plutons
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Figure L6: Line drawing of the intrusive contact of the Spuzzum with the
Settler package. The Spuzzum pluton intrudes into and cuts across the 





intruded during or after the formation of the dominant fabric.
Protolith and Tectonic Setting
The pelitic nature of the Settler package suggests that it was 
probably an ocean-floor sediment. The amphibolites may represent either 
metamorphosed volcanics or dirty limestones. The conglomerate suggests 
that some continental detritus was present.
Ultramafic Belts
There are two belts of metamorphosed ultramafic rock in the study 
area and they separate the Slollicum from Cogburn and, Cogburn from 
Settler packages. The Talc Creek body, separating the Slollicum and 
Cogburn packages, is composed of weakly to strongly deformed dunite and 
peridotite (Lowes, 1972). Outcrops weather to a rough, orange-brown and 
generally appear as bouldery exposures that are less densely vegetated 
than the surrounding areas. Although much of the Talc Creek body is 
serpentinite and talc there are also some unaltered pods of dunite 
present. The ultramafic body that separates the Cogburn and Settler 
packages appears similar to the Talc creek body but no unaltered pods 
were observed in the study area.
Most dunites consist of 0.5 to 3.0 mm granular olivine in a matrix 
of serpentine and chlorite while less altered samples are composed of 
interlocking 6.0 to 20.0 mm crystals of magnesian forsterite. The Mg 
forsterite grains in the unaltered dunites show strong deformation twins.
Protolith and Tectonic Setting
Rocks of the ultramafic belts are composed of dunite in various 
degrees of serpentinizatlon. These lithologies suggest that the ultramafic 
belts represent slices of mantle derived material.
Baird Meta-diorite
The Baird meta-diorite (Gabites, 1985) is present as a northwest­
trending belt that crosses the entire map area and makes up the 
northeast margin of the Cogburn package. The most prominent exposure 
of this unit is on The Old Settler mountain in the northeast (Fig. LI).
In the field, the Baird meta-diorite appears as a gray-green to
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light gray equigranular amphibolite which locally exhibits a weak 
compositional segregation that roughly parallels foliation in the nearby 
phyllites and schists. The dioritic appearance of the rock is caused by 
the presence of 2.0 to 3.0 mm skeletal amphibole grains in a light colored 
aphanitic matrix. Some outcrops exhibit coarse-grained components with 
amphibole ranging up to 6 cm in length.
In thin section, it can be seen that there are two generations of 
amphibole in the Baird. The older generation is the large crystals seen in 
hand sample. These crystals are twinned, bent and xenoblastic.
Amphiboles of the younger generation are idioblastic and 0.5 to 1.0 mm 
long. The intergranular spaces between the amphibole are filled with 
felted laths of zoisite and granular clinozoisite. Gabites (1985) measured 
relict plagioclase compositions as An3Q to An42-
Protolith and Tectonic Setting
Lowes (1972) correlated the Baird meta-diorite with the Yellow 
Aster Complex of Misch (1966) which he mapped as basement in the North 
Cascades. Gabites (1985) used Rb/Sr and U/Pb analysis to determine an 
age for the Baird. Although the results have large errors, a pre- 
Cambrian age was suggested and the unit could be as old as 3.44 Ga. If 
it is that old the original protolith could have been polydeformed and all 
remains of its original composition(s) and texture(s) erased.
Intrusive Rocks
Spuzzum Plutons
The Spuzzum plutons are present in the study area along the 
eastern margin and as two smaller plutons, the Hut and Settler Creek 
bodies within the Settler package. Richards and McTaggart (1976) 
described three phases of Spuzzum plutonism. The first is hypersthene- 
hornblende-biotite diorite which represents the initial intrusion. The 
second is a hypersthene-augite diorite that intruded the center of the 
primary body and inflated it, producing a fabric at the margins. They 
postulated that high water content of the primary intrusion caused it to 
crystallize slowly while the lower water content of the secondary intrusion 
allowed it to crystallize quickly, prior to the primary intrusion. This 
differential crystallization set up a density contrast which caused the
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secondary body to sink. As this sinking took place a marginal tonalite 
was intruded in a ring-dike geometry. This tonalite exhibits a mylonitic 
fabric that Richards and McTaggart (1976) suggested was formed due to 
the shearing of a pasty magma as the diorite sank and/or as the partly 
crystalline magma passed through a restricted opening.
Bartholomew (1979) described microscopic strain signatures such as 
dentate grain boundaries, undulatory extinction in quartz and bent biotite 
flakes within the Spuzzum plutons. He interpreted these features as 
having formed in response to ongoing regional deformation during 
intrusion.
In the study area the foliated diorite and the mylonitic tonalite of 
Richards and McTaggart (1976) were observed. The foliated diorite is 
composed of zoned plagioclase, quartz, hornblende, biotite and accessory 
muscovite, apatite, sphene and zircon. Late stage interstitial quartz 
contains fluid and vapor inclusions. Chlorite and epidote are present as 
alteration products. Some hornblende phenocrysts have pyroxene cores 
that suggest replacement. Biotite is bent around hornblende in some of 
the mafic pods that, combined with aligned feldspar laths, define the 
foliation.
The mylonitic tonalite was strongly deformed after partial 
crystallization and shows evidence of granulation and recrystallization.
The tonalite is composed of plagioclase, quartz and biotite. Some 
phenocrysts of zoned plagioclase are preserved although most have been 
broken. Secondary epidote, chlorite and muscovite are present. Near the 
Spuzzum pluton/Settler package contact the mylonitic fabric in the tonalite 
can be seen to flow around a xenolith of the diorite. The aligned, 
undeformed feldspars, feldspars with relict zoning, and the lack of 
cataclastic textures in the Spuzzum plutons suggest that the fabric is 
magmatic rather than metamorphic in origin.
Geochronology - As an attempt to refine the age of intrusion for 
the Spuzzum plutons which Gabites (1985) interpreted as 110 +/- 5 Ma 
using discordant U/Pb analyses on zircon, a specimen of the Spuzzum 
plutons was collected for similar analysis from an area just to the south 
of the study area in the region discussed by Hettinga (1989). Dr. N. 
Walker is conducting the U/Pb analysis at the University of Texas at
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Austin and a preliminary age of 95 +/- 3 Ma is suggested by U 206/238 
ratios on three zircon fractions. The concordancy of this date is unknown 
at this time however, because low lead concentrations have thusfar 
hindered the analysis for 207/236 and 206/207 ratios. For purposes of 
discussion the 96 Ma date will be used in the remainder of this paper.
Tertiary Plutons
There are seven late stage, felsic to intermediate stocks in the 
study area. Five of these bodies are located in the Slollicum package and 
one each in the Cogburn and Settler packages (Fig. LI).
Of the five stocks that Lowes (1972) mapped in the Slollicum 
package three were observed in this study. The equant body that is 
present in the mouth of Bear Creek (Fig.LI) is a medium grained biotite 
hornblende granodiorite. Where this stock intrudes the sedimentary 
component of the Slollicum package it has a biotite-andalusite hornfels 
contact aureole.
The large stock that extends from the southern map border toward 
Field Peak (Fig. LI) is locally segregated into mafic and felsic components 
which are present as 1-10 cm layers that strike northeast and dip 
southeast. The mafic component is 70% euhedral hornblende, 25% 
plagioclase and 5% interstitial quartz. The felsic component has 
approximately 60% euhedral plagioclase phenocrysts, 40% fine grained 
hornblende and biotite, and a trace of quartz. The overall composition is 
dioritic.
The small stock to the north of central Bear Creek (Fig. LI) is a 
coarse grained muscovite granodiorite. The muscovite is in euhedral 
books and flakes that are similar in size to the rest of the phenocrysts. 
Many of the muscovite phenocrysts are intergrown with both quartz and 
feldspar and are much longer and better formed than those which are 
growing as alterations. These features appear to match Miller and 
others' (1981) criteria for magmatic muscovite; if so, this piuton may 
represent a peraluminous S-type body (Zen, 1988).
The small elongate stock that intrudes the Cogburn package north 
of Talc Creek (Fig. LI) was described by Gabites (1985) as light gray, fine 
grained biotite-hornblende granodiorite.
Bartholomew (1979) described the Cogburn granodiorite, located in
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the extreme northeast of the map area (Fig. LI), as a leucocratic 
granodiorite that contains up to 16% aikali feldspar. This stock is also 
composed of biotite, zoned plagioclase ( AnQg to Ai^q), quartz and 
hornblende. Bartholomew (1979) mentioned hornblende as a minor mineral 
but zones with up to 40% hornblende were observed in this study. Where 
abundant, hornblende lies felted in a magmatic foliation.
Armstrong (1988) contoured ®^Sr/^®Sr for early Cenozoic plutons; 
the study area falls between the 0.704 and 0.705 contours.
Tectonic Setting of Intrusive Rocks
The overall quartz diorite composition and the low (0.703 to 0.704) 
®^Sr/^®Sr ratios for the Spuzzum plutons suggest that they are arc 
related. This also indicates that the accreted crustal fragments that the 
magma ascended through had not yet evolved sufficiently to give a high 
signature of radiogenic strontium. Armstrong (1988) postulated that the 
higher 87Sr/86Sr ratios for the early Tertiary rocks "may be due to an 
evolving crustal character - both thickness and age increasing through 
time". The peraluminous S-type muscovite granodiorite may be the 





The tectonic fabric of the Canadian cordillera is the result of the 
Interaction of the North American plate with the oceanic plates to the 
west. Monger and others (1982) suggested that two major terranes, the 
Intermontane and Insular or Superterranes I and II, were accreted onto the 
continental margin creating the Omineca Crystalline Belt and the Coast 
Plutonic Complex collisionai zones. These collisional zones are 
characterized by intense deformation and regional metamorphism (Monger 
and others, 1982).
In the study area, the Settler, Cogburn and Slollicum packages 
exhibit different magnitudes of deformation and deformational histories. 
Because of these distinctions, the packages will be discussed separately in 




Structures in the Slollicum package are seen best on a microscopic 
scale but outcrop scale structures are also present. Vegetative cover and 
glacial till prevent tracing out marker units to delineate map scale 
structures. The overall macroscopic structure of the Slollicum package 
consists of the volcanic component structurally overlying the sedimentary 
component in what appears to be a coherent northwest trending northeast 
dipping package. The sedimentary component of the Slollicum package is 
concentrated in the western portion of the map area; Lowes (1972) mapped 
the contact between it and the metavolcanic component to the east.
Compositional layering (SO)* is parallel to cleavage (SI) in most 
places and compositional layering in outcrops is generally planar. Some 
outcrops exhibit noses of tight to isoclinal folds that deform bedding, 
these are the earliest folds observed and are designated FI. The axial 
planes of the FI folds are sub-parallel to cleavage (Fig. SI). This
• The terminologies SO, SI, S2 and FI, F2 are strictly descriptive and
define the local sequence of structures. It is possible that SI in one
outcrop might be related to S2 in other outcrops. Fabric designations may
not be transferrable between packages.
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Figure SI: Photograph and line drawing of folded compositional layering
) in the Slollicum package (Site HL-79). Lens cap for scale.
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relation suggests that bedding is, at least locally, transposed.
Although folds that involve bedding (FI) are rarely expressed 
macroscopically, a second episode of folding (F2) can be seen on an 
outcrop scale. Most of the F2 folds in the Slollicum package are 
moderately inclined and moderately plunging open to close F2 folds 
(Fleuty, 1964). These folds are asymmetric and verge to the south. Fold 
amplitudes range from approximately 20 to 200 cm (Fig. S2). The F2 folds 
are most common in exposures close to the Harrison Lake shear zone. 
Locally, the unit is strongly crenulated.
Competent features such as pre-metamorphic aplitic dikes and sills 
have been boudinaged (Fig. S3).
Some exposures, especially those near the Harrison Lake shear zone, 
have multiple cleavages which intersect and give the outcrop a linear 
appearance.
Cleavage
The cleavage in the Slollicum package, except near plutons, strikes 
to the northwest and dips to the northeast and parallels layering (Fig.
S4). Rocks within the contact aureole of the Spuzzum pluton have had 
their cleavage reoriented subparallel to the intrusive contact. The 
Tertiary stocks also deform the foliation slightly. While strongly cleaved 
rocks are the norm, some rocks are virtually without fabric.
In thin section the cleavage of the western exposures is defined in 
the fine grained rocks by tabular, monocrystalline quartz, dirty, graphite- 
rich laminae of insoluble material and, locally, aligned biotite (Fig. S6). 
The laminae of graphitic material are concentrated into zones which drape 
over and are compressed between porphyroclasts and porphyroblasts. 
Coarser grained lithologies exhibit pressure shadows which are 
predominantly occupied by fibrous quartz (Fig. S6).
The eastern exposures of the Slollicum package are predominantly 
fine grained metavolcanics; however, some metasediments are intercalated. 
Foliation in the metavolcanics is poorly developed but, locally, zones of 
amphibole porphyroblasts that lie in the foliation anastomose around 
augen of albite and quartz. Foliation in the metasediments is defined by 
augen-shaped aggregates of polycrystalline quartz that are draped by 
zones of aligned biotite and laminae of insoluble material (Fig. S7).
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Figure S4; Modal orientations of foliations in the study area. Modes are 
derived from the corresponding equal area plots of poles to foliation which 
are contoured in 2,4.6,8 and 10% pts per 1% area.
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Figure S5: Cleavage in western Slollicum rocks defined by flattened
quartz, dirty laminae of insoluble material and aligned biotite (Specimen 
162-15).
Figure S6: Line drawing of pressure shadows on the flanks of sand-sized 






Figure S7: Line drawing of augen shaped aggregate of polycrystalline
quartz that is wrapped by aligned biotite porphyroblasts (Specimen 162-
36
Llneation
In the Slollicum package, exclusive of the Harrison Lake shear zone, 
lineations lie in the cleavage and plunge down-dip to the northeast (Fig. 
S8). In the sedimentary component, lineations are defined in the field by 
pyrite and biotite that are streaked out along cleavage planes. In the 
volcanic component, relict vesicles are flattened in the foliation and 
stretched into eliptical shapes, the long axes of which mark the lineation 
direction. In thin section, lineations are present as cataclastic 
porphyroclasts (Fig. S9), some with asymmetric pressure shadows.
Kinematic Indicators
Asymmetric pressure shadows and tails on porphyroblasts and 
porphyroclasts indicate that syn- to post-metamorphic slip occurred along 
foliation planes, parallel to the lineations, in a reverse fault geometry 
with the top block moving up to the southwest (Fig. SlOe.f/^.
Strain Analysis
The coarser grained rocks, with protoliths of sandstone, volcanics 
and pyroclastics, exhibit a mylonitic texture with most of the strain 
partitioned into fine grained zones within the matrix. These rocks are 
well lineated with end (Y:Z) sections of the augen showing less than a 2:1 
axial ratio and the length (X:Z) sections having an average ratio of 3.5:1 
with individual specimens ranging up to 6:1 (Fig. Sll). Non-lineated 
examples show flattening. Porphyroclasts of quartz and feldspar are 
boudinaged and average 130 percent extension (Fig. SI2). The voids left 
during extension are filled by fibrous quartz and chlorite.
The tabular quartz, assumed to have been equant in the protolith, 
shows approximately 66 percent shortening across cleavage planes. 
Ptygmatic quartz veins cross the foliation in several areas and maximum 
folding occurs in the darker bands which have a greater concentration of 
insoluble material (Fig. S13). Measurements of these veins, assuming that 
they were originally straight, suggest that approximately 65 percent 
shortening has taken place perpendicular to cleavage. When all these
# Several kinematic indicators were observed for each package and all 
those that were unambiguous gave directions consistent with the current 
interpretation.
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Figure S8: Modal orentations of stretching lineations in the study area.
Modes are derived from the corresponding equal area plot which is 
contoured in 2,4,6,8, and 10% pts per 1% area. Note orientation of 
crenulation lineations in Settler package.
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Figure S9: Broken porphyroclast of feldspar defining a lineation in the 
volcanic component of the Slollicum package. Specimen 162-35r.
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Figure SIO: Diagram showing location and sense of key kinematic
indicators in the study area. Smaller blocks show motion of upper 
foliation plate relative to lower. For plunge of lineationsi in these areas 
refer to Figure S8. For blocks a-f: a) rotated biotite in the Cogburn
package (162-128), b) garnet with asymmetric pressure shadows in the 
Settler package (162-181), c) rotated staurolite in the Settler package 
(162-171a), d) rotated porphyroclast and pressure shadows in the Harrison 
Lake Shear Zone (162-97), e) rotated feldspar poyphyroclast and pressure 
shadows in the Slollicum package (162-5), f) rotated porphyroblast in the 
Slollicum package (162-26). Indicators evaluated using criteria of Simpson 
and Schmid (1983) and Bell (1985).
\\
O Shear Zone ^ Cogburn
□ Slollicum O Settler
Figure Sll: Flinn plot of strain ratios for lineated rocks in the
metamorphic packages. Most non-iineated rocks exhibited strong 
flattening, but because X and Y are indistinguishable are omitted from 




Figure S12; Line drawing of stretched and broken porphyroclast of quartz. 
Voids left during extension are filled by fibrous quartz and graphitic 
material (Specimen 162-37).
Figure S13: Microfische copy of thin section 162-95a showing ptygmatic
quartz veins. View is approximately 3.0 mm across.
strain markers are averaged they suggest strain in the cleavage (X/Y 
plane) to be 130 percent extension in the X direction and 60 percent 
shortening across the cleavage, in the Z direction (Fig. SI4).
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Harrison Lake Shear Zone
The Harrison Lake shear zone is located in the southwest portion of 
the map area and cuts through the Harrison Lake Formation and part of 
the Slollicum package (Fig. LI). The effects of the shear zone die off 
rapidly to the east, and within the zone itself there are areas which 
exhibit little or no shearing. Foliation strikes to the northwest and is 
subvertical (Fig. S4). The majority of the rocks in the shear zone are 
psammites and psephites which characteristically appear as medium gray, 
blocky outcrops and have cigar-shaped clasts defining the lineation. 
Lineations in this area are strike parallel and plunge gently to the north. 
Axial measurements of pebbles in two conglomerates show that X:Z ratios 
average 16:1 and range up to 25:1. K values of 3 to 6.3 indicate that 
the porphyroclasts underwent constriction, rather than flattening, during 
deformation. Kinematic indicators show right lateral motion (Fig. SlOd).
Cogburn Package
The structural style in the Cogburn package is similar to, and often 
indistinguishable from, that of the Slollicum package. Both units exhibit 
a strong signature of pressure solution; however, the Cogburn package 
locally records multiple deformations.
Macroscopic Structure
No intrafolial folds were observed in the Cogburn package. Late 
folds are rare and those present are restricted to the northwestern 
portion of the unit where there appears to be a map scale fold recorded 
in the foliations. The outcrop scale folds are open and have northeast 
plunging axes. These folds deform the current foliation and are 
designated F2.
Foliation
The foliation in the Cogburn package appears to be parallel to 
compositional layering and generally strikes to the northwest and dips to
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Figure S14: Characteristic elements of strained rocks within the Slollicum
package with respect to X, Y and Z. & =cleavage surface (X:Y plane), 
Lj=lineation defined by stretched and broken minerals.
Porphyroclast
Figure S15: Line drawing of thin section 162-149 showing biotite
porphyroblasts that have grown over a fabric that lies at a high angle to 
the dominant fabric. Note that cleavage in the porphyroblasts and the 
trails of inclusions are not parallel.
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the northeast (Pig. S4), Small changes in orientation seem to be related 
to the contact geometry between the phyllites and the Baird meta-diorite. 
Foliation in the greenschists, marked by compositional layering, becomes 
progressively irregular and anastomosing toward the ultramafic body to 
the south.
In thin section, foliation is defined by strongly flattened quartz and 
aligned biotite and muscovite in the pelites. Larger porphyroclasts of 
quartz are augen-shaped polygranular aggregates. Foliation in the 
greenschists is marked by amphibole porphyroblasts whose long axes lie in 
the foliation. Pressure shadows are well developed around ilmenite, 
biotite, amphibole and, to a lesser degree, garnet.
Previous Fabrics
Porphyroblasts of amphibole and biotite (Fig. SI5) contain trails of 
graphitic inclusions which wrap around and outline lens-shaped, ghost 
porphyroclasts, defining a previous fabric. This foliation consistently lies 
at a high angle to the dominant foliation. Some biotite porphyroblasts 
include the dominant fabric and show rotation (Fig. SlOa).
Lineation
Mineral lineations are uncommon in the Cogburn package but those 
present lie in the foliation and plunge down-dip to the northeast (Fig.
S8). At the outcrop scale, lineations are marked by streaked biotite and 
linear pressure shadows around garnets. In thin section, lineations are 
defined by asymmetric pressure shadows, stretched and broken chert clasts 
and distended biotite (Fig. S16). Axial ratios of porphyroclasts in one 
psammite indicate constriction (Fig. Sll).
Kinematic Indicators
Asymmetric pressure shadows and biotite with rotated internal 
fabric suggest syn- to post-mineralization deformation. These rotated 
elements show the top foliation block moving to the southwest in a 
reverse slip geometry (Fig. SlOa).
Settler Package
Structurally, the Settler package is quite distinct from the Slollicum
45
Figure S16: Microfische copy of thin section 162-158 showing stretched
and broken biotite porphyroblast defining the lineation. View is 
approximately 2.0 mm across.
Figure S17: Line drawing of a garnet from specimen 162-191 which
includes flattened quartz and trails of dusty inclusions defining a 
previous fabric that lies at a high angle to the dominant foliation.
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and Cogburn packages. The Settler package records at least four episodes 
of deformation: a primary metamorphic fabric (SI); a secondary 
metamorphic fabric (S2); a mylonitization event that is parallel to S2; and 
a shortening event which affected all previous fabrics and produced 
deformation ranging from crenulations to kilometer wavelength folds about 
east-west trending axes.
Foliation
The foliation in the Settler package, in the study area, strikes 
roughly east-west and dips predominantly northward (Fig. S4) with local 
southward dips. These dip reversals are a map-scale expression of the 
final shortening event mentioned above.
In thin section, the dominant foliation in the Settler package is 
seen to be a crenulation foliation with the rock divided into alternating 
Q-M and M domains. In the Q-M domains foliation is oriented at a high
angle to that in the M domains which define the foliation seen in hand
sample.
Foliation in the Q-M domains (SI) is defined by graphitic laminae 
wrapping lens-shaped quartz and, locally, aligned biotite. The axial 
ratios measured in one conglomerate outcrop and several thin section 
scale porphyroclasts and porphyroblasts show that the Settler package has 
undergone both flattening and constriction (Fig. Sll). Some 
porphyroblasts of garnet contain trails of flattened quartz and trails of 
impurities that are oriented similarly to SI in the Q-M domains of the 
partitioned rocks (Fig. SI7). Foliation (S2) in the M domains is marked by 
concentrations of aligned biotite and pressure shadows around 
porphyroblasts that are parallel to the dominant foliation seen on outcrop 
and hand sample scales.
Locally, especially in the eastern exposures, thin section 
examination reveals mylonitic textures that are marked by fine-grained 
zones of ribbon and recrystallized quartz that anastomose around "islands" 
of coarser grained schist. This fabric occurs in bands that are parallel to 
the dominant foliation (S2).
Stauroiites grow over dirty laminae and elongate quartz which 
define foliations ranging from the early planar fabric (SI) through the 
crenulated phase. Early fabrics that are oriented at a high angle to the
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dominant foliation, similar to that in the Q-M domains, are trapped in the 
ends of some of the staurolites (Fig, SI8a). The dominant fabric (S2) is 
overgrown by some staurolites (Fig, S18b) which have subsequently been 
wrapped by the fabric, suggesting further fabric development after this 
phase of staurolite growth.
All of these fabrics have been folded during the shortening event. 
Staurolite growth continued through the shortening phase of deformation, 
evidenced by some porphyroblasts that have been broken and healed 
during crenulation (Fig. S18c) and others that grew over the crenulations 
(Fig. S18d). Fabric development appears to have continued for a short 
time after the cessation of staurolite growth.
Lineation
Lineations in the Settler package are marked predominantly by 
linear pressure shadows around garnets and by aligned staurolites that 
plunge down-dip in the foliation. In thin section, lineations are defined 
by asymmetric pressure shadows. In thin section crenulations can be seen 
on the length (X:Z) sections. The crenulation lineations are strike 
parallel (Fig. S8).
Kinematic Indicators
Rotated staurolites (Fig. SlOc) and asymmetric pressure shadows 
around garnets (Fig. SI Ob) indicate that the motion was foliation and 
lineation parallel during the development of the dominant foliation and 
the top block moved up to the south.
Ultramafic Belts
Most outcrops of ultramafic rock are disorganized aggregates of 
serpentlnite and talc with some areas consisting of massive, apparently 
unaltered rock. Where present, cleavage parallels package boundaries and 
is subvertical.
Spuzzum Plutons
Fabric in the Spuzzum plutons is sporadic with some outcrops 
apparently undeformed, some foliated and others with discrete shear zones.
Figure SI8: Line drawings of staurolite porphyroblasts in the Settler
package which record fabric history, a) Specimen 162-172 showing 
poikilitic porphyroblasts with an internal fabric of flattened quartz and 
dusty inclusions that lie at a high angle to the dominant fabric, b) 
Specimen 162-206 with porphyroblasts that have grown over the dominant 
fabric in early stages and, during further fabric development, have been 
wrapped by the same foliation, c) Specimen 162-176 in which a 
porphyroblast with an internal fabric has been broken during crenulation 
and healed by new staurolite growth, d) Specimen 162-176 showing 
staurolite growth over a crenulation that is defined by dirty laminae.
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Richards and McTaggart (1976) described foliated diorite and mylonitic 
tonalite in the Spuzzum plutons to the south, these lithologies and their 
related fabrics were also observed in this study. The foliated diorite is 
coarse grained and has a fabric defined in the field by lenses of biotite 
and hornblende, and in thin section by aligned feldspar laths as well.
The tonalite has relatively undeformed phenocrysts, such as zoned 
plagioclase, that are floating in a mylonitic matrix of broken grains. 
Foliation in the tonalite is marked by anastomosing laminae of biotite and 
chlorite.
The fabric in both expressions of the Spuzzum is interpreted to be 
magmatic in origin.
The cross-cutting nature of the Spuzzum plutons with respect to 
the thrust faults that bound the packages and the metamorphic isograds 
indicates that the intrusion post-dates the formation of these features. 
The intrusive nature of the Spuzzum plutons into the packages is 
evidenced by outcrop scale cross-cutting relations (Fig. L6) and the 
inclusion of schistose xenoliths. The contact aureole that is developed 
around the Spuzzum pluton prints across and upgrades the regional 
metamorphic assemblage in the Slollicum package and the fabrics in the 
aureole are reoriented from the regional trend to a contact-parallel 
orientation. These features also indicate that the contact is of an 
intrusive nature.
Baird Meta-diorite
Minerals in the Baird meta-diorite generally show no preferred 
orientation, due to equant grain shape, but locally a weak compositional 
banding imparts a foliation. Older amphibole porphyroblasts show strong 
deformation twinning and are bent whereas the relatively young, 
idioblastic porphyroblasts are undeformed.
Synthesis/Discussion
Slollicum Package
In the western portion of the Slollicum package, the concentrations 
of insoluble material, flattened monocrystalline quartz and ptygmatic 
quartz veins oriented at high angles to the cleavage suggest that the 
predominant mechanism for the formation of cleavage was pressure
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solution. Part of the dissolved silica was precipitated locally into the 
strain shadows and voids around stretched porphyrociasts while the rest 
probably left the system. In the northwestern exposures, the 
poiycrystalline grains indicate that crystal plastic deformation probably 
followed pressure solution. The orientation of the elongate and 
boudinaged porphyrociasts illustrate that during the development of the 
cleavage and lineation the maximum direction of elongation was oriented 
down-dip in the foliation. Asymmetries in the strain shadows and 
cataclastic tails of the porphyrociasts imply that the package was 
deforming internally in a reverse slip geometry with the upper foliation 
blocks moving up and to the southwest relative to the lower blocks.
The later south-verging asymmetric folds may represent buckles 
that formed in response to foliation parallel strains related to motion on 
the Harrison Lake shear zone.
Cogburn Package
The discordant trails of dusty inclusions in the biotite and 
amphibole porphyroblasts suggest that the Cogburn package already had a 
fabric before the onset of the event which formed the current fabric. The 
concentrations of insoluble material and the ghost lensoid grain shapes 
suggest that the early fabric was formed by pressure solution. The 
presence of these porphyroblasts demonstrates that regional metamorphism, 
at least to biotite grade, occurred during or soon after the formation of 
the early fabric but prior to the formation of the dominant fabric.
The dominant fabric also has laminae of insoluble material that are 
characteristic of pressure solution but the augen of recrystallized quartz 
suggest that crystal plastic deformation also played an Important role 
during the deformation. Porphyroblasts of biotite, muscovite and 
amphibole are parallel to this fabric, giving it a good foliation.
The foliation wrapping the clean-centered garnets suggests that the 
garnets formed during the event which formed the current fabric. Some 
garnets show chlorite alteration which suggest retrogression.
The differences in deformation of the early biotite, ranging from 
being weakly wrapped by foliation to being flattened and pulled apart, 
reveal that strain was inhomogeneous during the second fabric forming 
event. The distended biotite indicates that the direction of maximum
51
extension was oriented down-dip in the foliation during the development 
of the foliation and lineation.
Kinematic indicators show that, like the Slollicum package, the 
Cogburn package was deforming internally with a reverse slip geometry.
The small, late folds present in the northwest portion of the 
package probably were formed in response to late stage large scale 
folding. The large scale fold has the correct geometry to be a drag 
feature along the Harrison Lake shear zone.
Settler Package
The early fabric (SI) that is included within the garnets, 
staurolites and Q-M domains of the Settler package suggests multiple 
deformations. The quartz grains contained within the garnets are 
monocrystalline, Implying that they were flattened by pressure solution 
rather than by crystal plastic deformation. The dominant foliation wraps 
the poikiloblastic garnets and some of the staurolites, indicating that the 
event which formed the first fabric also produced, or was soon followed 
by, a garnet + staurolite assemblage.
The graphitic laminae and the tabular monocrystalline quartz 
present in the dominant foliation illustrate that pressure solution was an 
agent in the early history of the formation of foliation, but recrystallized 
aggregates of quartz indicate that crystal plastic deformation was also 
involved, probably at a later stage.
Ribbon quartz and zones of fine-grained quartz which anastomose 
around "islands" of more coarsely grained schist are evidence of an 
episode of mylonitization. The parallel alignment of the mylonite zones 
with the S2 foliation suggests that they may have formed in the same 
stress regime. These fabrics could be, and probably are, coeval and due 
to differential strain rate. The mylonitization could however, represent a 
late stage partitioning of strain.
Kinematic indicators again show that during the formation of the 
dominant fabric, and probably prior to the late stage shortening event, 
the upper foliation plates moved up, parallel to the lineations and to the 
southwest with respect to the lower plates.
The late crenulation/fold forming event affects all previous 
fabrics and minerals with the exception of some late staurolite. This
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indicates that during the crenulation/fold event the rocks were still at 
sufficient depth for staurolite growth, at least 1 kb (Pigage, 1982). The 
east-west fold axes suggest north-south contraction. The shortening 
event probably occurred during or just after Spuzzum pluton intrusion, in 
order to allow for post-crenulation staurolite growth, and before the 
intrusion of the Tertiary plutons. Motion along the Harrison Lake shear 
zone also occurred in this time window. To draw a correlation between 
the Harrison Lake shear zone and the north-south directed contraction in 
the Settler package would be difficult but the possibility does exist.
Undulose extinction in quartz indicates that deformation continued 
into the brittle zone as the rocks were exhumed.
Harrison Lake Shear Zone
The restriction of the Harrison Lake shear zone to a small swath 
through the study area suggests that it is a late stage feature which 
prints across the predominant fabric of the packages. Kinematic 
indicators and sub-vertical foliation planes indicate that the Harrison 




The grade of metamorphism increases dramatically across the area 
mapped, ranging from the chlorite zone of the greenschist facies, just east 
of Harrison Lake, to the sillimanite zone of the amphiboiite facies in the 
northeast near the Spuzzum piutons (Table Ml)(Fig. Ml).
The metamorphism in the area is not a simple zonal sequence.
There is evidence to indicate that the regional metamorphism has a 
polymetamorphic history, with earlier low pressure and later high pressure 
phases. A further complication is introduced as an overprint on the 
regionai gradient by contact metamorphism associated with the Spuzzum 
piutons and the early Tertiary stocks. The regional metamorphism may 
also be disrupted by thrust faults in the region (Fig. M2).
Minerai Assemblages
Chlorite Zone
The metamorphic mineral assemblages indicative of the chlorite zone 
of the greenschist facies are restricted to the west-central portion of 
Slollicum package (Fig. M2). Here the rocks commonly contain quartz, 
albite, epidote, muscovite and chlorite (Table Ml).
Biotite Zone
The biotite zone of the greenschist facies is present in the 
northern and eastern portions of the Slollicum package (Fig. M2). In this 
area, biotite occurs with quartz, albite, epidote, chlorite and actinolite 
(Table Ml). The biotite isograd is truncated and overprinted by the 
andalusite-bearing contact metamorphic aureole around the early Tertiary 
stocks (Fig. Ml).
Garnet Zone
In the western portion of the Cogburn package, the rocks are within 
the garnet zone of the greenschist facies. Field relations suggest that 
the garnet-in line is coincident with the Slollicum-Cogburn package 
boundary which appears to be fault controlled. The isograd could also be 
fault controlled (Fig. M2), suggesting that metamorphism predated at least
Table Ml: Maximum phase assemblages in different metamorphic zones.
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Figure Ml: Phase relations in politic rocks of the study area.















































































































































a portion of the faulting. Alternatively, the appearance of garnet in the 
Cogburn package could be due to lithologic control, in which case, the 
metamorphism could post-date all fault motion. The mineralogy of the 
garnet zone is quartz, albite, muscovite, biotite, actinolite and garnet 
with accessory chlorite and epidote (Table Ml, Fig. Ml). Aside from the 
addition of garnet there is no mineralogic change from the biotite zone. 
The large ultramafic body in Talc Creek masks the southeastward 
extension of the garnet isograd.
Oligoclase + Hornblende Zone
Moving eastward in the Cogburn volcanics, the transition from albite 
+ epidote to oligoclase, and that of actinolite + epidote + albite +
chlorite to hornblende occur at about the same grade (Fig. M2), as
evidenced by thin section identification and microprobe analyses in
critical areas. Graphitic phyllites in this zone contain quartz, oligoclase,
biotite, muscovite and garnet. Greenschists contain oligoclase, quartz and
hornblende (Table Ml).
Staurolite Zone
Most rocks of the Settler package contain mineral assemblages 
indicative of the staurolite zone of the amphibolite facies (Fig. M2)(Table 
Ml). One occurrence of kyanite has been found in the staurolite zone 
and may represent a kyanite-staurolite subzone. The kyanite exists in 
an assemblage with staurolite, biotite, muscovite and quartz that 
developed as a pseudomorphic aggregate after andalusite. This relation 
suggests a polymetamorphic history of low pressure followed by higher 
pressure crystallization. This phenomenon is also documented in the 
Settler package by Bartholomew (1979) and Gabites (1985). Characteristic 
mineralogy for the staurolite zone is quartz, oligoclase, biotite, muscovite, 
garnet and staurolite with accessory kyanite, chlorite and epidote. 
Amphibolites contain oligoclase, hornblende and chlorite (Table Ml). The 
ubiquitous presence of staurolite in the Settler package as related to the 
lower grade Cogburn package suggests that the isograd is fault controlled. 




The sillimanite zone of the amphibolite facies occupies the 
northeast corner of the study area (Fig. M2). The sillimanite zone 




Temperature and pressure were estimated by application of 
calibrated exchange equilibria using mineral analyses determined by 
microprobe (Appendix III).
Temperature estimates are determined from garnet-biotite Fe/Mg 
fractionation based on microprobe analyses conducted on adjacent grains 
of biotite and garnet; garnet rims were used. Minerals are idioblastic and 
show no textural signs of disequilibrium. Several calibration schemes 
were considered by Hettinga (1989) for rocks just south of the study area 
and that of Ferry and Spear (1978) was found to give results most 
consistent with respect to temperatures indicated from other mineral 
equilibria. Temperatures determined by this method are plotted on Figure 
M3 and range from 455° to 750° C. The highest temperatures are from a 
garnet core near the Spuzzum pluton. The temperature of 455° C is 
suspected to be low because of a high Mn content in the garnet in sample 
162-191.
Pressure estimates used the garnet-aluminum silicate (A12S105)- 
plagioclase equilibria (GASP) barometer as calibrated by Ghent (1976) and 
Ghent and others (1979), the crossite content of Ca-amphibole (Brown, 
1977) and the total Al content of hornblende in quartz diorite as 
calibrated by Hollister and others (1987).
A pressure of crystallization of 5.5 +/- 1.0 kb was determined for 
one sample from the sillimanite zone of the Settier package using the 
GASP method (Fig. M3).
Amphiboles in volcanic rocks of the Slollicum package coexist with 
the crossite buffering assemblage of albite, epidote, chlorite, crystalline 
iron-oxide and quartz. Amphibole in a sample (162-35q) in the northwest 
portion of the area, near the biotite isograd records a pressure of 






contact aureole of the Spuzzum pluton, near the southern part of the 
study area indicates a pressure of 4.5 kb (Fig. M2)(Appendix Ilia). 
Amphiboles in the Cogburn package unfortunately do not coexist with the 
crossite-buffering assemblage.
Hornblende crystals in one sample from the Spuzzum plutons were 
analyzed in order to use the amphibole barometer of Hollister and others 
(1987). This sample was selected because it contains nearly all the 
minerals needed to buffer the Al in the hornblende and allow use of the 
barometer: present are quartz, plagioclase, orthoclase and possibly sphene; 
magnetite was not found. A pressure of crystallization of 5.4 +/- 1 kb is 
indicated from the Al content (Fig. M3).
An attempt was made to determine a pressure-temperature-time 
path for the Settler package by determination of a garnet zoning profile 
(Fig. M4A) in a GASP buffered assemblage. A qualitative estimate of 
temperature variation with respect to duration of garnet growth was 
achieved by assuming a constant biotite composition, as recorded by 
matrix biotite, and using the different garnet compositions in the 
temperature dependant exchange equilibria calibrated by Ferry and Spear 
(1978). Similarly, an estimate of pressure variation based on the 
assumption of constant plagioclase composition and using the garnet- 
Al2Si05-plagioclase barometer calibrated by Ghent (1976) and Ghent and 
others (1979). The results of these two calculations (Fig. M4B) shows 
that during the growth of this garnet, pressure and temperature were 
declining. The garnet is inferred to have grown late in the 
metamorphic history, based on the absence of post-garnet deformational 
features such as pressure shadows and foliation planes that wrap the 
garnet. The growth is interpreted to have taken place during and just 
after the intrusion of the Spuzzum plutons. The maximum pressure of 5.6 
kb for the garnet agrees with the 5.4 kb value determined for the 
crystallization of the Spuzzum plutons just to the south.
P-T Grid
Inferred P-T conditions for rocks in the various packages are shown 
on a petrogenetic in Figure M5. P-T values based on geothermobarometry 
discussed in the previous section are shown also.
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350-460° CKFlg. M5) is based on actinolite barometry and temperatures
generally estimated for the chlorite and biotite zones of the greenschist
facies (Hyndman, 1985). Pressures and temperatures in the Cogburn
package are suggested to be 4.0-5.0 kb and approximately 450-550° C
from the approximate coincidence of in-coming of garnet, oligoclase and 
hornblende (Fig. M5).
In the Settler package the occurrence of sillimanite, kyanite and 
staurolite, together with geothermobarometry, suggest the P-T field shown 
on Figure M5 (4.5-6.0 kb, 550-750 ° C). This P-T range does not 
account for the early andalusite, which has been pseudomorphed.
Metamorphic History
The Siollicum package apparently records a single episode of 
regional metamorphism in which the sedimentary and volcanic components 
were metamorphosed to grades comparable with the chlorite and biotite 
zones of the greenschist facies.
In the Cogburn package, the porphyroblasts of biotite and amphiboie 
that include a previous fabric indicate that they were the main 
porphyroblastic phases during and soon after the formation of this fabric. 
The biotite porphyroblasts that include rotated portions of the dominant 
fabric show that biotite growth continued through much of the 
development of the dominant foliation. Continued metamorphism added 
garnet to the assemblage before the cessation of the formation of the 
dominant fabric.
In the Settler package, an early low-pressure event is indicated by 
pseudomorphs after andalusite. The reaction by which the andalusite was 
replaced by kyanite + staurolite + biotite + muscovite + quartz is 
complex (Bartholomew, 1979).
The metamorphic index minerals upon which the zonal sequence is 
mapped appear to predate the intrusion of the Spuzzum plutons. This 
interpretation is based on the observation that garnet, staurolite and 
sillimanite predate the dominant fabric which is crosscut by the igneous 
intrusions. Staurolite porphyroblasts that grow over the various stages of 
the foliation (described in the chapter on structure) record continuing 
metamorphism throughout the development of the foliation. Garnets in the 
contact aureoie of the Spuzzum plutons in the Settler package are not
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wrapped by fabric, suggesting that, similar to the Slollicum package 
(described in the chapter on structure), fabric formation in the Settler 
package was waning during the intrusion of the Spuzzum plutons.
Bartholomew (1979) and Gabites (1985) interpreted the metamorphic 
history somewhat differently in that they suggested that the andalusite 
developed as a contact metamorphic mineral related to the Spuzzum 
plutons, and that the later kyanite, sillimanite and staurolite are post- 
Spuzzum. This model is considered in the discussion chapter.
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DISCUSSION
The metamorphic rocks of the study area are divided into three 
packages which have lithologies broadly indicative of oceanic deposition. 
The Slollicum package represents island arc volcanics and arc-marginal 
sediments; the Cogburn package suggests abyssal ocean deposition; and, 
the Settler package is probably marine in origin. The spatial 
interrelations among these facies are unclear. The only reliable 
depositional date for the protoliths of the metamorphic rocks is the 146 
Ma date for the Slollicum package.
Orogen-normal shortening on a regional scale is recorded by 
kinematic indicators related to boudinaged, extended and augen-shaped 
porphyroclasts and porphyroblasts that define the down-dip lineations in 
the packages.
The sequential development of cleavage and foliation in the rocks 
during prograde metamorphism can be observed in the packages (Fig. Dl). 
A cleavage-normal removal of material by pressure solution is evidenced 
by the flattened porphyroclasts, laminae of insoluble material and 
ptygmatic folds in the packages. Further fabric development was 
dominated by the formation of crenulation cleavage(s). In the Slollicum, 
the transition from pressure solution cleavage to crenulation cleavage is 
arrested at an early stage. In the Cogburn and Settler packages, 
crenulation cleavage is dominant with relicts of the earlier foliation 
preserved in large augen or within poikiloblasts.
Locally, deformation outlasted recrystallization and continued into 
the brittle field as the region was upiifted, creating undulose extinction 
of quartz in the metamorphic rocks.
Primary chronologic constraints on the deformation of the area are 
provided by the intrusive rocks. By observing relations between the 
intrusive bodies and the country rock, at scales ranging from map to thin 
section, several timing relationships are clarified.
The Spuzzum plutons intruded across the major fauit boundaries at 
95 Ma and produced localized prograde metamorphism. In the Settler 
package the Spuzzum plutons intrude across and into the dominant fabric, 
delineating a time marker at or near the end of this phase of fabric 











Figure Dl: Sequential development of fabrics in the study area. Sc first 
continuous cleavage, Scr=crenulations. Scc=crenulation cleavap. ST- new 
continuous cleavage (Tobisch and Paterson. 1988). Sketches based on 
study area fabrics and published fabrics from Talbot (1964) and Gray 
(1977, 1979). The original Sc has been held constant for clarity
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in origin suggests that regional deformation was waning or complete at 
the time of intrusion. This time constraint imposed by the Spuzzum 
plutons clearly relegates all porphyroblasts that include early fabrics to a 
metamorphic event which pre-dates the Spuzzum plutons. In the Settler 
package this puts a garnet + staurolite assemblage in place prior to 95 
Ma. If the early mineralogy and fabrics in the Cogburn package can be 
correlated to those in the Settler package then the same chronology 
applies.
In the Slollicum package porphyroblasts of garnet and staurolite in 
the contact aureole of the Spuzzum plutons are weakly wrapped by the 
foliation or show no signs of post crystallization deformation. This is 
similar to fabric relations observed in the Settler package. These 
features strengthen the evidence that the Spuzzum plutons intruded 
during a late stage of the deformation in the study area.
The Harrison Lake shear zone cross-cuts older fabrics, including 
stretching iineations, indicating that orogen-parallel translation followed 
the orogen-normal contraction that dominated the early history of the 
region. The subhorizontal Iineations, steep foliations and kinematic 
indicators associated with the Harrison Lake shear zone suggest right 
lateral offset. Inception of movement occurred after the formation of the 
cleavage in the Slollicum package as evidenced by the shear-related, 
asymmetric, south verging buckle folds that deform the cleavage and are 
interpreted to be related to the Harrison Lake shear zone. The age of 
motion on the Harrison Lake shear zone is poorly constrained. Journeay 
(pers. comm., 1989) dated micas in the pull-aparts of extended minerals 
possibly related to the shear zone and suggested that just north of the 
study area the Harrison Lake shear zone was active at 93 Ma.
The andalusite hornfels contact aureoles present around the late 
stage stocks in the southwest portion of the area indicate that in the 
early Tertiary the rocks occupied a crustal level that exerted less than 
3.75kb (11km) pressure.
The early stages of tectonic evolution of the study area are 
unclear. The lithologic packages appear to be arc-related marine 
assemblages, possibly representing intra-arc basin fill. The age of the 
Slollicum overlaps the older ages on the Coast Plutonic Complex (Van der 
Heyden, 1989) and thus this unit may represent a supracrustal component
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of the CPC. Collapse and accretion of the basins perhaps produced a 
normal geotherm, yielding the greenschist facies metamorphism of the 
Sloiiicum package. Continued orogen-normai shortening, caused by 
southwest-vergent thrusting, was probably accompanied by high grade 
metamorphism and fabric formation. The pressure increase due to thrust 
stacking was soon foiiowed by intrusion of the Spuzzum piutons and 
associated contact metamorphism. Following the metamorphic culmination 
that occurred synchronous with the intrusions, pressure and temperature 
declined until the inception of strike-slip motion on the Harrison Lake 
shear zone. The undeformed, early Tertiary piutons show that after their 
empiacement, upiift and erosion of approximately 11 km of material was 
accomplished without any ductile and probably without much brittle 
deformation. The timing of these events is summed up in Figure D2.
Regional Implications
The predominant orogenic mechanism operating in this area between 
the latest Jurassic and eariy Cretaceous was southwest-directed 
shortening (bracketed by the depositional age of the Sloiiicum Package and 
the intrusion of the Spuzzum piutons). Convergence of the Farallon plate 
with North America, including the accretion of Wrangellia, provides a 
driving force for regionai-scaie deformation and thrust stacking of the 
packages (Fig. D2). Orogen-normai transport in the early Cretaceous is 
aiso suggested by contraction in the Shuksan Metamorphic Suite in 
Washington state (Brown, 1987) and southwest-directed, reverse-sense-slip 
on the Pasayten fauit (Hurlow, 1989) (Fig. 11). By 95 Ma, when the 
Spuzzum piutons intruded the orogen, tectonism had all but ceased, 
allowing the metamorphic culmination and thermal equilibration to take 
place in a static environment.
The Chiwaukum Schist of the Nason terrane in Washington state is 
correlated with the Settler package (Lowes, 1972; Misch, 1977), and Evans 
and Berti (1986) and Magloughlin (1989) suggested similar metamorphic 
histories for the two units based on their observations and those of 
Bartholomew (1979) and Gabites (1985). In both regions, early andalusite 
porphyroblasts are overprinted by later kyanite and sillimanite. Evans 
and Berti suggested that the andalusite in the Chiwaukum formed at 















































































































































which intruded at approximately 95 Ma; they correlated this andalusite 
with the andalusite that is suggested to have formed in the Settler 
package in response to the intrusion of the Spuzzum plutons (Bartholomew, 
1979; Gabites, 1985). Later, post-Mt. Stuart, static Barrovian 
metamorphism of the Chiwaukum Schist due to deep burial is suggested to 
upgrade the andalusite to kyanite and sillimanite (Evans and Berti, 1986). 
This however requires a low-pressure 95 Ma intrusion followed quickly by 
loading and crustal depression of at least 10 km in a static environment, 
in turn followed by rapid uplift and cooling of the region to lock in 81 to 
85 Ma K-Ar dates in the metamorphic rocks (Evans and Berti, 1986).
The relation of the pseudomorphed andalusite, in the Settler 
package, to the Spuzzum plutons (Bartholomew, 1979) is of critical 
importance to the metamorphic history of the area and to the correlation 
of the sequence of events in the Chiwaukum Schist with that of the study 
area. Bartholomew (1979) separated out five mappable bodies of Spuzzum 
quartz diorite which fall into what he interpreted as four distinct pulses 
of magmatism and intrusive activity based on the development of internal 
fabrics of the plutons and their contact relations with the country rocks. 
Based on the occurrence of andalusite in close proximity to the 
"southwest body" of the Spuzzum plutons, Bartholomew (1979) suggested 
that the porphyroblasts of andalusite represent a contact metamorphic 
effect related to the earliest phases of Spuzzum plutonism. Although this 
is an appealing hypothesis at first glance, the pseudomorphs after 
andalusite that were observed in this study are proximal to the "western 
body" of Bartholomew (1979), a non-foliated body which he interpreted to 
be a late stage, post-peak metamorphic intrusion. Another of the 
Spuzzum plutons, the "southwest body" of Bartholomew (1979), which he 
reported to be associated with pseudomorphs after andalusite is the body 
for which the 5.4 kb crystallization pressure was determined in this 
study,and which was observed in this study to cross-cut the regional 
foliation which itself postdates the andalusite. Bartholomew (1979) and 
Gabites (1985) both suggested that the original andalusite formed during 
the early deformational history of the area and was coeval with Spuzzum 
intrusion and their fl event (early fabric preserved in porphyroblasts). 
They also reported that the pseudomorphs after andalusite are wrapped by 
f2 (dominant Settler package foliation). Bartholomew (1979) however.
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describes 3 to 10 m thick sills of the Spuzzum plutons that are injected 
into the dominant foliation (his f2) of the Settler package by the 
"Fagervik body" which he interpreted to have intruded coeval with peak 
metamorphism.
The chronologic discrepancies between the interpreted time of 
intrusion of the "western body" with respect to the andalusite formation, 
the apparent 5.4 kb pressure of crystallization of the "southwest body" 
with respect to the andalusite stability field (Holdaway, 1971)(Fig. M6), 
and the intrusion of the "southwest body" and "Fagervik body" into and 
across the dominant foliation suggests that the andalusite may 
significantly predate the main phase of Spuzzum plutonism. Obviously, 
detailed geochronologic and fabric studies on each of the Spuzzum plutons 
and field studies of the distribution of the andalusite pseudomorphs would 
shed considerable light on this problem. For the time being however, the 
tie between the andalusite growth and the intrusion of the Spuzzum 
plutons is doubtful. These points indicate that either the correlation 
between the Settler package and the Chiwaukum Schist regarding early 
andalusite (Evans and Berti, 1986) is incorrect or that the early 
andalusite in the Chiwaukum Schist is unrelated to the Mt. Stuart 
batholith.
The pressure-temperature-time path suggested for the study area 
by my observations is illustrated in Figure D3. The first event is a 
relatively high P/T loading, perhaps related to initial accretion. The 
second event is the thermal pulse that produced the andalusite, possibly 
related to an early phase of the Coast Plutonic Complex. The third event 
is thrust loading which formed the dominant foliation and high grade 
mineral assemblages. Finally the Spuzzum plutons intruded at, or near, 
the end of the thrust event, prior to any significant uplift.
Because at least a portion of the Spuzzum plutons intruded at 5.4 
kb, a pressure well within the kyanite field (Fig, M6), a later, post- 
Spuzzum-plutons, Barrovian style of metamorphism need not be invoked in 
the study area to produce the kyanite. The possibility of later thrust 
stacking and crustal depression exists; however, it must have only 
affected the furthest northeastern portion of the map area and created no 
new fabrics.







appears also to have been an orogen-wide event, evidenced by the
I
Harrison Lake shear zone possibly being active at 93 Ma (Journeay, pers. 
comm. 1989), the Shuksan thrust moving northwestward at about 90 Ma 
(Brown, 1987) and the crystalline core of the Cascades experiencing 
dextral strike-slip beginning prior to 85 Ma (Brown and Talbot, in press). 
These dates roughly coincide with a change in plate convergence toward 
western North America from a sub-orthogonal to a sub-parallel orientation 
(Engebretson and others, 1985) (Fig. D2). This change in convergence 
probably halted a major component of orogen-wedge-sustaining accretion, 
leading to unroofing and lowering of pressure.
The different kinematic signatures of the Shuksan thrust and the 
package-bounding thrusts in the study area do not invite correlation.
The thrusts in the Harrison Lake area are southwest-verging features 
that formed in response to orogen-normal shortening, in contrast with the 
Shuksan thrust which appears to be related to northwest-directed, 
orogen-parallel translation (Brown, 1987). Lithologically, the 
Slollicum/Cogburn/Settler package transitions may be similar to the 
Chilliwack Group/Shuksan Metamorphic Suite transition as Monger (1989) 
proposes, but structurally they appear quite different. The discordance 
between the late Jurassic age of the Slollicum package when compared to 
the Pennsylvanian-Permian age for the Chilliwack Group (Monger, 1970) 
further demonstrates that they are unrelated.
At present, the most convincing correlation, after restoration of 
movement on the Straight Creek fault, is between the Settler package and 
the Chiwaukum Schist. Similar lithologies, structural histories and 
metamorphic mineral assemblages make these two units correlative.
Continued attempts to date the Spuzzum plutons, combined with 
mapping of intrusive phases and geobarometric analysis will yield further 
constraints to tie down the timing and duration of the various orogenic 
processes observed in this study. These constraints, compared with 
continued fabric and kinematic analysis will be required to decipher the 
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Appendix I: Thin Section Mineralogy for collection 162
Chlorite Zone (Sub-Biotite)
Sample # Qtz Alb Muse Chi Epi Cc Act Mag Gra Py
5 X X X Mg X
6 X X X
13 X Mg X
20 X X X
22 X X X Fe X
36 X X X X X
37 X X X X X
Biotite Zone
Sample » Qtz Alb Bio Muse Chi Epi Cc Act
9a X X X X
9c X X X
15 X X X X
34 X Fe X X
35 X X X Fe X
35b X X X Mg X X
35e X X X Mg X
35h X X
35i X X X
35n X X Mg X X
35o X X Mg X X
35q X X X X Mg X X
35r X X X X
57 X X X
58 X X X X Fe X
58a X X Mg X
60 X X Mg X X
103 X X X X
104 X X Mg X
105a X X X Fe X
106 X X X
107 X X Mg X X
109 X X X X
109a X X X X
111 X X X
112 X X
113 X X X
117 X X X X
Garnet Zone
Sample # Qtz Alb Bio Muse Chi Gnt Epi Cc
124 X X X
125 X X X X X
126a X
128 X X Mg
140 X X Mg
140a X X X Mg X
147 X X X Mg X
148 X X X
148a X X X Mg
149 X X X X
170 X X X Fe, MgX
























Lower Amphibolite (Oligoclase + Hornblende)
Sample # Qtz Olig Bio Muse Chi Gnt Epi Cc Hbl Mag Gra Py Hem 111
119 X X
119a X X
120 X X X
121 X X X X X
153 X X X X X X
153a X X Mg X X
153d X X X
158 X X X X Mg X X
166 X X X X X X
168 X X X Mg X X
169 X X X X X
Staurolite Zone
Sample # Qtz Olig Bio Muse Chi Sta Gnt Epi Cc Amph Mag Gra Py Ky
171 X X X Mg X Cumm X
171a X X X X Mg X X Hbl X X
172 X X X X X X
173a X X X X Mg X X X
175 X X X X Mg X X
181 X X X X Mg X X X
184 X X X Fe,lMg X X Act
187bl X X X 7 X
188 X X X X X X X Hbl X
191 X X X X X X
192 X X X X X X X X
204 X X X X Mg X X
205 X X X X Mg X X X
206 X X X X Mg X X X
207 X X X X Mg X X
211 X X X Mg X X
212 X X X Mg Hb,Cm
213 X X X X Fe,MgX X X
Sillimanite Zone
Sample § Qtz Olig Bio Muse Chi Sill sta Gnt Epi 111 Gra Mag
186 X X X X X X X X
Baird Metadiorite
Sample t Epi Hbl Flag Qtz Cc
139 Cz,Z X
153b X X











Sample # Qtz Flag KSparBio Hbl Chi Epi Sph Zrc Mag Apt Muse
50 X X X Mg X X X
187 X X X Fe X X
190 X X X X
208 X X X X X X X X
209 X X X X X X
Spuzzum Contact Aureole
Sample # Qtz Flag Bio Muse Chi Gnt Sta Epi Amph Mag Py Gra
30 X X X X X X
32 X Ab Fe X X Hbl X
46 X X Act X
46a X Act
47 X Act
196 X X X X X X
202a X Olig X X Hbl
early Tertiary Stocks •
Sample I Qtz Flag Epi Bio Muse Chi Hbl Fyx
69m X X X X X
88 X X X X
100 X X X X Fe
early Tertiary Stock Contact Aureoles
Sample # Qtz Flag Bio Muse Chi Epi And Gra Py Cc Amph
3 X X X X X
4 X X X X X X
4a X X X X X
21 X X X X X
21a X X X Fe X
26 X X X Anth
40 X X X
51 X X X
51a X X X X
53 X X Act
54 X X X X X X
74 X X X
76 X X X Fe X
77 X X X Mg X
87 X X X X X
92 X X X X
93 X X X X
94 X X X X X Act
95a X X X X
97 X X X X Fe X X
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Appendix II; Geochemical Data For Slollicum Volcanics
Sample # 162-22 162-32 162-34 162-34a 162-35e 162-37
Unnormalized Results (Weight %)
Si02 71.89 54.35 53.26 50.76 65.62 69.74
A1 oO o 16.36 15.44 14.80 15.69 18.11 17.08Ti52^ 0.417 2.003 1.624 1.721 0.577 0.455
FeO* 2.93 11.46 10.08 10.75 3.58 5.83
MnO 0.050 0.262 0.151 0.183 0.050 0.093
CaO 0.95 7.40 7.58 8.56 4.91 0.83
MgO 0.77 3.89 7.20 7.56 1.34 0.87
K2O 1.02 0.17 0.10 0.12 0.73 2.84
NaoO 5.95 3.98 4.65 3.90 5.40 1.79
P2°5 0.118 0.637 0.181 0.205 0.161 0.093
Total 100.46 99.59 99.63 99.45 100.48 99.62
Normalized Results (Weight %)
Si02 71.56 54.57 53.46 51.04 65.31 70.01
AloOo 16.29 15.50 14.86 15.78 18.02 17.14
Ti02 0.415 2.011 1.630 1.731 0.574 0.457
FeO* 2.92 11.51 10.12 10.81 3.56 5.85
MnO 0.050 0.263 0.152 0.184 0.050 0.093
CaO 0.95 7.43 7.61 8.61 4.89 0.83
MgO 0.77 3.91 7.23 7.60 1.33 0.87
K2O 1.02 0.71 0.10 0.12 0.73 2.85
NaoO 5.92 4.00 4.67 3.92 5.37 1.80
=>2°5 0.117 0.640 0.182 0.206 0.160 0.093
Trace Elements (PPM)
Ni 9 0 72 59 22 7
Cr 0 3 208 212 1 11
Sc 1 42 41 46 8 12
V 59 202 306 332 83 110
Ba 571 16 48 52 541 794
Rb 24 1 1 3 16 48
Sr 190 197 67 89 851 165
Zr 77 89 88 97 93 63
Y 4 38 27 31 5 10
Nb 0.9 2.2 4.2 5.1 0.0 2.6
Cu 8 4 25 79 33 16
Zn 120 102 82 76 80 65
Pb 4 5 1 3 6 5
liH 0 0 0 5 8 0
Ce 9 19 14 13 16 8



























bite Amph d. bp 1 e
Cat/cell
.Wt% Cat/cell Ox.Wt% Max. Fe3'*'
.600 2.9872 46.540 6.8470
.130 1.0186 10.650 1.8470
.000 0.0000 0.220 0.0240
.000 0.0000 3.663 0.4050
.050 0.0018 16.675 2.0510
.000 0.0000 0.480 1.7650
.000 0.0000 8.050 0.0600
.290 0.0133 11.380 1.7940
.570 0.9629 1.220 0.3480

































































































Wt% Cat/cell Ox.wt% Cat/cel
560 2.6882 37.13 5.5197
560 1.3158 19.47 3.4122
000 0.0000 1.90 0.2124
000 0.0000 0.00 0.0000
000 0.0000 18.54 2.3052
000 0.0000 10.06 2.2290
000 0.0000 0.12 0.0151
960 0.3256 0.21 0.0334
540 0.6384 0.47 0.1355






































Ox.Wt% Cat/cell Ox.Wt% Cat/cell Ox.Wt% Cat/cel
1
Si02 36.75 3.0276 61.97 2.7165 37.54 5.6049
AI9O-, 20.16 1.9580 24.97 1.2904 18.06 3.1789
Ti02 0.04 0.0025 0.00 0.0000 2.31 0.2594
FeoOo 0.00 0.0000 0.00 0.0000 0.00
0.0000
FeO 19.43 1.3388 0.00 0.0000 17.80 2.2229
MgO 1.33 0.1633 0.00 0.0000 10.86 2.4167
MnO 6.90 0.4814 0.00 0.0000 0.22 0.0278
CaO 11.55 1.0194 6.38 0.2996 0.02 0.0032
Na^O 0.00 0.0000 7.77 0.6604 0.08 0.0232
K2O 0.00 0.0000 0.05 0.0028 8.62 1.6418
Specimen 162-196
Garnet Biotite
Ox.Wt% Cat/cell Ox.Wt% Cat/cell
Si02 36.58 2.9382 33.29 5.2157
AloOo 22.18 2.1003 19.80 3.6571
Ti02 0.00 0.0000 1.46 0.1720
FeoG"! 0.00 0.0000 0.00 0.0000
FeO 33.28 2.2358 20.54 2.6916
MgO 2.71 0.3244 9.74 2.2744
MnO 3.87 0.2633 0.07 0.0093
CaO 1.70 0.1463 0.00 0.0000
NaoO 0.03 0.0047 0.06 0.0182K2§ 0.02 0.0020 7.55 1.5089
Specimen 162-202a
Garnet Oligoclase
Ox.Wt% Cat/cell Ox.Wt% Cat/cell
Si02 38.42 3.0125 64.90 2.8051
AloOo 21.24 1.9634 23.59 1.2020
Ti02 0.10 0.0059 0.00 0.0000
0.00 0.0000 0.00 0.0000
FeO 29.23 1.9170 0.00 0.0000
MgO 2.06 0.2407 0.00 0.0000
MnO 6.32 0.4197 0.00 0.0000
CaO 5.24 0.4402 4.20 0.1945
NaoO 0.00 0.0000 9.34 0.7828






























































































Appendix Ilia: Plot of Na in the Amphibole M4 site versus Ai 4+ after 
Brown (1977). Small numbers are station/sample identification.
Appendix IV; Geochronologic Data
Specimen 162-37 (Slollicum)
Ages in millions of years
Zircon Fraction 206/238 207/235 207/206
1 145.1 145.0 144
2 146.4 147.0 156
3 144.8 145.0 148
4 148.4 148.6 152
